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Introduction

This chapter introduces you to the basic building blocks of running successful and effective
high frequency simulations using the Cadence® software. The following sections and
screenshots explain how to set up your software and environment to run the example circuits
in this chapter.

Before you perform the various SpectreRF analyses, you need to set up the component files
and start the Cadence® software, as explained in the sections below.

Using SpectreRF from the SPECTRE Hierarchy

The Spectre Circuit Simulator (Spectre) and SpectreRF are present in the SPECTRE release
stream.You must download and install the SPECTRE simulator in a separate installation
hierarchy than the IC hierarchy you use for the Cadence software. Documentation for new
features and most bug fixes are provided exclusively with the SPECTRE release stream.

The SpectreRF examples in this chapter use the CDSHOME environment variable to point to
the installation hierarchy.

CDSHOME Modify this path as necessary to point to the IC installation directory.

CDSHOME may already be set in your environment. If it is already set, then there is no need to
reset it. Please check with your Cadence Tool System Administrator for more information.

Accessing the Most Current SpectreRF Documentation

The documentation for the latest features of SpectreRF is always found in the SPECTRE
hierarchy.

September 2023 7 Product Version 23.1
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/ Important

Note that the help buttons on the forms in ADE Explorer lead you to the IC version
of the documentation, which should not be used. Instead, use the SPECTRE
documentation located in the SPECTRE hierarchy.

Creating a Local Editable Copy of the ExampleLibRF Library

Perform the following steps to create a copy of the ExampleLibRF library and save it to your
home or working directory:

1. Navigate to the directory where you want the workshop to be located.

2. Use the UNIX cp command to copy RF_Doc_Database. tar.gz from the hierarchy to
your desired directory.

cp <path to>/RF_Doc Database.tar.gz

3. Type tar xfz RF_Doc_Database.tar.gz.

Work with your system administrator to locate the SPECTRE installation directory at your site.
This will be in the SPECTRE hierarchy at <SPECTRE>/tools/spectre/examples/
SpectreRF_workshop/RF_Doc_Database.tar.gz

Downloading and Using GPDK180

PDK is an abbreviation for Process Design Kit. A PDK is a complete set of technology files to
enable analog and mixed signal custom IC circuit design within the Cadence Design System’s
Custom IC Design Environment. These PDKs are available for download online.

1. Navigate to <path to>/RF_Doc_Database.
2. Use the UNIX 1s command to list the contents in the directory.
You will see the following files and directories:
cds.lib*
doc/
libs/

d

d

d

O models/
Q readme setup.csh*
d

share/

September 2023 8 Product Version 23.1
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a

a

simulation/

skill/

This directory structure is organized as follows:

a

o 0 0o U o

cds.lib: The Cadence library file for the project
simulation: Simulation directory

1ibs: Directory containing the libraries for the project
skill: Any SKILL code needed

models: Spectre models that are not gpdk specific

share: Directory where gpdk180 is located after being downloaded from the

pdk.cadence. com site.

For example, the gpdk needs to be present in the /share/gpdk180_v3.3 directory.

The models are present in the /share/gpdk180_v3.3/models/spectre directory.

To download gpdk180, follow these steps:

1. Open a browser and go to http://support.cadence.com. The Cadence Online Support
website is displayed, as shown below.
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Figure 1-1 Cadence Online Support Website
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i Apps E) Cadence Central % LMS - LogIn % Marketing [7] Check Finder File(s) - [} Setting theme for scr » (O] Other bookmarks

-

I Cadence Online Support Cadence Log In

i Cadence uses a single Login 1D for all applications. You will use the same Login 1D
Overview and password for each application you are registered with.
Cadence Online Support provides access to support resources including

an extensive knowledge base, access to software updates for Cadence

products, and the ability to interact with Cadence Customer Support.

Email

Supported Browsers:

Password
Internet Explorer 9.x and above Remamber my email
Mozilla Firefox — 36.x and above

. X . . LOG IN

Mozilla Firefox — 15.x and above (linux)
Goog.le Chrome — 40.x and above s
Safari Just enter your Email and click on the ‘Forgot
IPad and Android Tablets (7™ and above) your password?' link.
Important — Please Read New User?

If on first login/page access you see formatting issues — please do a page

refresh. This will be a one time activity and future page loads should work

fine. Asingle Cadence account can be used to access numerous Cadence onling
resources. Access to certain sections of Cadence’s website may be limited.

Daon't have an account? Register Now

Related Links
To register for support on Cadence IF, please work with your IP Sales or AE contact.
Getting Started with Cadence Online Support (Video)

Contact Customer Support

Registration Help

Other Sites Having trouble with registration?

Click on the Help link an the top right corner of the page to find answers to
Cadence.com questions and typical problems you might face during the registration process.
Cadence User Community
Education

Software Downloads

PSpice User Community -

2. Specify your email and password in the Email and Password fields and click LOG IN.

Note: If you are new user, click Register Now and follow the steps to register yourself.

For the example designs in Appendix A, you need to use Cadence’s GPDK180 which can be
downloaded as follows.

1. Enter your email and password.

The Support Home web page is displayed, as shown below.
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Figure 1-2 Cadence Support Home Page
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2. Select Resources - GPDKs. The Generic Process Design Kits Web page is

displayed, as shown below.
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Figure 1-3 Generic Process Design Kits Web Page
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Advanced Node cds_fi_mpt - 0.8V / 1.8V Finfet / Multi Patterned 8 Metal Generic PDK: cds_fi_mpt GPDK (2MB) &
This POK provides Virtuoso technology library with symbols, pCells, and process constraints, Spectre models, PVS DRC and LVS rule decks to use ICADV 12.2.
GPDKO045 - 45nm CMOS 11M/2P Generic PDK
Database Download Size(MB) Description
) Virtuoso technology library with symbol, pCells, and process constraints, Spectre models, DRC and LVS rules,
GFDKD45 | gpak045_v4.0F w and QRC extraction decks.
gsclib045_svt_vd 469 | 54 Basic standard cell library - Suitable for standard-\t design only.
GSCLIBO4S
gsclib045_all_vd 46 | 179 Complete standard cell library set for multi-vt and backbias low power design
GIOLIBO45 | giolib0D45_v3 2@ 8 The 10 and bondpad cells for IC chip-level design
GPDK030 - 90nm CMOS 9M/2P Generic PDK: 90nm GPDK (66MB) e
i This PDK provides a complete set of RF devices and related files for use with 1C5.1.41 Virtuoso and 1C6.1 Virtuoso L, XL, and GXL tools as well as physical verification tools for
platform. This POK is currently maintenance-only and modifications to address functional failures with future platforms will be addressed, when possible.
GPDK180 - 180nm CMOS 9M/2P Generic PDK: 180nm GPDK (40MB)&
This POK provides a complete set of RF devices and related files for use with IC5.1.41 and IC6.1 Virtuoso. This PDK is currently end-oflife and no further modifications are plai
1 3
[% . O e s T o
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3. Clickthe 180nm GPDK (40MB) link. The Software License Agreement page is
displayed, as shown below.

/ tows Document Viewer x }f [ supportcadence.com/we K\_ . B
J S

~= = C' [} support.cadence.com/wps/PA_DocumentViewer/wp/Productinformation/GPC

i Apps @ Cadence Central T LMS - LogIn  %ow Marketing [3 Check Finder File{s) - [ Setting theme for scr-

CADENCE DESIGN SYSTEMS, INC.
SOFTWARE LICENSE AGREEMENT
(Design Materials)

This is a legal agreement between the end user, and Cadence Design Svstems, Inc, (Cadence). Under this agreement vou will ha
#  software or other design material ("Design Materials") for ongoing use within vour organization. You will need to agree to the
such use. PLEASE READ THIS LICENSE CAREFULLY EEFORE PROCEEDING. BY USING THE SOFTWARE OF. BY CLICE
THAT THE LICENSEE SHALL BE EOUND EY THE TERMS AND CONDITIONS OF THIS SOFTWARE LICENSE AGREEME
BEHAIF OF A COMPANTY, YOU REPRESENT THAT YOU ARE AUTHORIZED TO BIND THE COMPANTY TO THIS AGREF

GRANT OF LICENSE: Cadence grants to you the temporary right to use, copy and modify the enclosed docimmentation, software or other design me:
"use” on a computer when it 15 loaded mto temporary memory (Le., EAM) or mstalled mto permanent memory {e.g., hard dizk or other storage devics
evaluation and demonstration purposes within your ergamezation. The Diesign Materials may be used for no other purposes meluding without hotation
customer demonstrations or use within a product for commereial production puorposes. The Diesign Materials may only be used with other Cadence sof
deseribed m documentation accompanying the Design Materials. The enclosed Desipn Materials are licensed, not sold, to vou by Cadence for use only
rights not expressly granted to vou. The Design Materials are the confidential and proprietary mformation of Cadence. You shall reproduce all copyma
the Desipn Materials provided to vou You may not copy the written materials accompanying the Desipn Materials.

RESTRICTIONS: YOU MAY NOT EEVERSE ENGINEER, DECOMPILE OF. DISASSEMBLE ANY ENCEYFTED PORTION OF THE DE
DO 50, YOU MAY NOT USE, RENT, LEASE, LOAN, DISTRIBUTE, COFY, MODIFY, OF. TRANSFEE. THE DESIGH MATERIALS IN W
FROVIDED IN THIS AGEEEMENT. ANY ATTEMPT TO TRANSFEE ANY OF THE FIGHTS, DUTIES OF. OBLIGATIONS HEREUNDE.
LICENSE IS VOID.

TEFM: Tlus Agreement has a term of one (1) vear from the date vou mntially access the Design Materials. You may termmnate this Agresment at an
This Agreement will termmimate mmediately and antemmatically without notice 1if you fail to comply with any term or condition of this Agreement. Upc
coples.

LIMITED WARRANTY AND EEMEDIES: THE DESIGH MATERIALS ARE FROVIDED "AS 15" AWD WITHOUT WARFANTY OF AN
BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY, FITHESS FOE. A PARTICUL AR PURPOSE OF. WONINFRIT
ALLOW THE EXCLUSION OF IMPLIED WARFANTIES 50 THAT THE ABOVE EXCLUSION MAY NOT APPLY TO YOU. THIS LIMD
FIGHTS AND YOU MAY HAVE OTHEERS WHICH VAEY FROM STATE/COUNTEY TO STATE/COUNTETY. USE OF ANY DESIGH MAT.

LIMITATION OF LIABILITY: REGARDLESS OF WHETHER ANY EEMEDY SET FORTH HEREIN FAILS OF IT5 ESSENTIAL FUEPQ
LICENSOFES BE LIABLE TO YOU OE. TO ANY THIED PARTY FOR ANY DAMAGES WHATSOEVER INCLUDING, WITHOUT LIMT.
BUSINESS INTEREUFTION, LOSS OF BUSINESS INFORMATION, OF. FOE. OTHEE INCIDENTAL OF CONSEQUENTIAL DAMAGES
USE OF OR. INABILITY TO USE THE S0OFTWARE, EVEN IF CADENCE HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAM

SUPPORT: The Design Matenials provided heremder are provided without support or mamtenance of any kind. Cadence shall be imder no obligatica
U.5 GOVEENMENT RESTRICTED RIGHTS: The software and docimmentation are provided wath Eestricted Fights. Use, duplication, or disclos
subparagraph ({1} of The Fights i Teclmeal Data and Compuater Software clause at DFARS 232.227-7012 or subparagraphs {e){1){1) and () of C
52.227-19, as applicable.

GOVERNING LAW: This Agreement 15 soverned by the laws of the State of Cahiforma except that body of Califorma law concerming conflicts of |

EXPORT LAW ASSURANCES: You acknowledse and agree that the Diesign Matenials are subject to restrictions and controls imposed by the Tnte
regulations theremmder. You agree and certify that neither the Design Materials nor amy direct product thereof 15 being or will be acqured, shipped. tr
———————

4. Scroll down the page and click | ACCEPT.
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5. The Generic Process Design Kits (GPDK) Downloads Web page is displayed, as shown
below.

cadence AllContent  +

SUPPORT

Cases Tools I[P Resources Selfleaming Software My Suppq

Support Home > Resources > GPDK

Generic Process Design Kits (GPDK) Downloads

It may take some time to completely download this file which is ~40MB.

Download the database.

6. Click Download the database.

The file will start downloading. The time taken to download is about a minute, but that
varies depending on the nature and speed of your Internet connection.

7. Save the file gpdk180_v3.3.tar.gz to <path to>/RF_Doc_Database/share.

8. Navigate to the RF_Doc_Database/share directory and untar the
gpdk180_v3.3.tar.gz file using the following command.

tar -xvzf gpdkl80_v3.3.tar.gz

Starting Virtuoso

To access the Library Path Editor, perform the following steps:
1. In a UNIX window, type virtuoso & to start the Cadence software.

The Command Interpreter Window (CIW) is displayed, as shown below.

September 2023 14 Product Version 23.1
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Figure 1-4 Command Interpreter Window

[c] 6.1.7-64b - ['og- {tmp/EONS jommiyog LEEE
Fle Tools Options Help cadence

Loading menuBuilder.cxt
Loading schView.cxt
Loading selectSv.cxt
Loading wireBdit.cxt
Loading pte2.ext
Loading x1UT.ext
Loading auCore.cxt
Loading whdl.ext
Loading seismic.ext
Loading ci.ext

Loading ams.cxt
Virtuoso Framework License (111) was checked out successfully. Total checkout time was ©.59s.
Loading pe.cxt

mouse L: M: R:

dE [

2. In CIW, choose Tools — Library Path Editor.
3. The Library Path Editor is displayed.

This next step is to check that all of the libraries necessary are accessible. You will not
be changing anything.

September 2023 15 Product Version 23.1
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Figure 1-5 Library Path Editor Window

File Edit WView DesignManager Help C E dence
Libraries
- Library Path
1 substratelib Jshare/gpdkl 80_vw3.3/libs.0a2 2/substratelib
Z gpdkl1B0 Jsharefgpdkl 80_vw3.3/libs.0aZ2/gpdkl B0
3 ExampleLibRF Sibs/ExamplelibRF
4 ahdiLio 5 CDSHOMEStools/dfllfs amplesfartistfah dilib
5 analoglib 5 COSHOME/ tools /dfllfetc/cdslib/artis tf analogLik
6 basic 5 COSHOME tools/dfllfetc/cdslib/basic
7  cdsDefTechLib 5 COSHOME/ tools/dfllfetc/cdsDefTechLib
B rfExamples 5 COSHOME tools/dfllfs amples/artist/riExam ples
9  rflib 5 COSHOME tools /dfllfs amples/artist/riLib
1€ sample $ COSHOME/ toolks/dfllfs amples/cdslib's ample
11 US _Bths 5 COSHOMES tools/dillf etc/cdslib/sheets/US_Bths
12
Library substratelib is defined locally.
Wz

Make sure that all of the library names are displayed in blue or green. If any libraries are
displayed in red text, there is an error and you need to work with your system
administrator to fix the path.

4. Exit the Library Path Editor.
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Simulating Low Noise Amplifiers

The SpectreRF simulator can simulate very linear circuits, such as Low Noise Amplifiers
(LNA). This section uses the Ina Simple circuit to illustrate how the SpectreRF simulator can
determine the characteristics of an LNA design.

The first stage of a receiver is typically an LNA, whose main function is to set the boundary
as well as to provide enough gain to overcome the noise of subsequent stages (for example,
in the mixer and IF Amplifier). Apart from providing enough gain in addition to introducing as
little noise as possible, an LNA should accommodate large signals without distortions, offer a
large dynamic range, and provide good matching to its input and output. Good matching is

extremely important if a passive band-select and image-reject filter precedes and succeeds
the LNA because the transfer characteristics of many filters are sensitive to the quality of the
termination.

In the LNA example that follows, you will plot the following characteristics of the low noise
amplifier.

LNA Measurements (InaSimple Analyses
S-Parameter Analysis, Small Signal Gain sp
Stability, Stability Circles sp
Linear two-port Noise Frequency Measurements, Noise Circles sp+noise
Third-Order Intercept Measurement hb

Rapid IP3 Using Specialized AC Analysis ac

To use this section, you must be familiar with the SpectreRF simulator analyses as well as
know about LNA designs. For more information about the SpectreRF simulator analyses,
refer to the various chapters in this user guide and also the SpectreRF Simulation Option

Theory.

September 2023 17 Product Version 23.1
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The InaSimple Low Noise Amplifier Circuit

The InaSimple circuit can be found in the ExampleLibRF library. Refer to the Introduction
chapter for the instructions on accessing the ExampleLibRF library. The schematic for the
InaSimple circuit is shown below. It is a differential low noise amplifier.

Figure 2-1 Schematic for the InaSimple Low Noise Amplifier

September 2023 18 Product Version 23.1
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The following tables list some measured values for different aspects of the InaSimple low
noise amplifier.

Measurement Measured
RF frequencies (Hz) 900M
Output frequency (Hz) 900M
RF voltage 200mV peak
RF power -10 dBm
Gain measurement needed
Stability Factor measurement needed
Noise figure measurement needed
1dB compression point measurement needed
Input IP3 (from swept power) measurement needed
Input IP3 (from AC analysis) measurement needed
Design Variable Default Value
prf (RF power) -10 dBm
frf1 (RF frequency) 900M

Setting Up to Simulate the InaSimple Low Noise Amplifier

Opening the InaSimple Circuit in the Schematic Window
1. In CIW, choose File — Open.
The Open File form is displayed.
2. Choose ExampleLibRF from the Library drop-down list.
3. Choose InaSimple from the Cells list box.

4. Choose schematic from the View drop-down list.

September 2023 19 Product Version 23.1
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The completed Open File form will look like the one below.

Figure 2-2 Open File Form

Open File
File
. Cells
Librar ExampleLibRF
o n RC_Oscillator
Cell lnaSimple VC_Ring_Osc_Diff
cascode
i db_mixer
i schematic -
View - n db_mixer_xmit
Type schematic envlp_simpletest
invlx
Browse lna3o _
—_— lnaSimple =
opamp
Application nscillator_ckt
i Schematics L sh_fet_test
Cpen with ; n |
— Always use this application for this type of file

Cpen for ® =dit

— read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds . lib

5. Click OK.

The Schematic window for the InaSimple circuit is displayed.
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Figure 2-3 InaSimple Schematic

Virtuoso® Schematic Editor L Editing: ExampleLibRF InaSimple schematic
Launch Fle Edit View Create Check Options Window Help

cadence

=T 0 @XOTY . ¢e BT -5 -F-QQAQE ML LN S
_ - Basic n'?_uﬁ-o'%:ﬁ lkﬂrﬂwﬁk ar B-

Navigator el oA W e EE o AR A o g g o L e m ae mn
schematic . P
InaSimple fd e .

~ OBJECTS D L . R

a ot BT B R B R R DR bR B

Instances R . B

Nets T2

e -,

Metsand Pins = [

~ GROUPS
Cells
Types
o 0 T T el - = E e B
| Property Editor 73 x|

mouse L: schSingle SelectPt()
12|

M: de Open(}

R: schHiMouse PopUp()
cma: seto ]|

6. In the Schematic window, choose Launch— ADE Explorer.
7. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.
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Figure 2-4 Create new ADE Explorer view

Create new ADE Explorer view
File

Library ExarmpleLibRF n
cell [inasinpic |
View magstro

Type [maestro [~

Application

ADE Explorer

Open with

— Always use this application for this type of file

Library path file
'spectreRFtestcase/RF_Doc_Databasescds . 1ib

Openin @& pewtab _ currenttab o newwindow

m Cancel Help

8. Leave each option to the default selections and click OK.

The Virtuoso ADE Explorer window is displayed, as shown below.
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Choosing Simulator Options
1.

Figure 2-5 ADE Explorer Window

Launch Session Setup Analyses Variables Outputs Simulation Results Tools EAD  Parasitics/LDE  Window Help

Virtueso® ADE Explorer Editing: ExampleLibRF InaSimple maestro

cader
[[SR=N= N SR = N =0 N CET - [T - =7
Setup 78 xl & |nasimple
Mame | Value ‘ Spec
b 4 ExampleLibRF:Inasimple:1
: 4
w%; Simulator spectre

&l %; Analyses

E& Design Variables
- [&] frf1 900w

- [E] frfz 9z0m
-[&E prf 20

v Parameters

4] corners

_| Reliability Analyses

_| @ Monte Carlo sampling

| Checks/Asserts

lmouse L:

3)

Choose Setup — Simulator in the ADE Explorer

The Choosing Simulator form is displayed.

Figure 2-6 Choosing Simulator Form

Simulator spectre

@D ncel  sppy o Help

Choose spectre from the Simulator drop-down list.

Click OK.

tor - ADE Explorer

ExampleLibRF InaSimple schematic

Now, set up the High-Performance Simulation Options, as follows:
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In ADE Explorer, select Setup-High Performance Simulation. The High
Performance Simulation Options window is displayed.

Figure 2-7 High Performance Simulation Options

High-Performance Simulation Options

Simulation Performance Mode — Spectre | ® AF‘S . Spectre X

— XP5 M5

General

Accuracy + Speed

Error Preset: ® Do not override o Liberal  Maoderate _ Conservative
AFS Options

Use ++aps:

Multi-Threading

® Auto . Disable . Manual t Thread

Post-Layout Settings
Enable Post-Layout Optimization:

Instance Preservation: ® Mone . Selected
lected Instar e|ect Elear

m _ LCancel | Defaults /| Apply | Help

In the High Performance Simulation Options window, select APS for Simulation
Performance Mode. Note that Auto is selected for Multithreading options. The effect
of this is to detect the number of cores on the system (up to 64) and then multi-thread on
all the available cores.
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Note: The bigger the circuit, the more threads you should use. For a small circuit such
as this, you may want to set the number of threads to 2. Using 16 threads on a small
circuit might actually slow things down because of the overhead associated with
multithreading. For more information, refer to the Spectre Classic Simulator, Spectre

APS, Spectre X, and Spectre XPS.
Click OK.

5. In ADE Explorer, select Outputs — Save All.

The Save Options form is displayed.
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Figure 2-8 Save Options Form
Save Options

Basic | Save By Subckt

Save Options

Select signals to autput (save) __ none __ selected _ Ivlpub _ Il | allpub| _ all
Select power signals to output (pwr) _ none _ total _ devices _ subckts __ all

set level of subcircuit to output (nestivl)

Select device currents(currents) __ selected __ nonlinear __ all __ none
Select AC terminal currents (useprobes) _yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) __| selected ] all
Transient Time Window Options

__ Transient time window save options Tlinme Setip

p T
Save circuit information analysis
MName What Where File Extremes Others |Enab|ed|
modelParameter models rawfile s
element inst rawfile s
outputParameter output rawfile s
designParamVals parameters rawfile s
primitives primitives rawfile '
subckts subckts rawfile s
asserts assert rawfile |
extremeinfo all logfile YES |
<Click_To_Add= none rawfile |
Detail: \nede Sort:  (nAmMe Threshaold
L= '\ P— e ——

Output Options

Output Format __ sst2 _ psf __ psfwithfloats o psfxl __ fsdb

Use Fast Viewing Extensions L
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6. Inthe Select signals to output(save) section, ensure that allpub is selected.

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.

To save the currents, select nonlinear in the Select device currents (currents)
section if you just want to save the device currents, or select all if you want to save all
the currents in the circuit.

7. Click OK to close the Save Options form.

Setting Up Model Libraries
1. In ADE Explorer, choose Setup - Simulation Files. The Simulation Files Setup form
is displayed.
Figure 2-9 Simulation Files Setup Form
spectrel 3: Simulation Fles Setup

Paths/Files | Vector Files

|Files/Paths |Options |
- Include Paths
CAF —
+ _ <Click here to add a path>
[}~ Definition Files
__ <Click here to add a file>
[} Stimulus Files
_ <Check here to add a file=
[}~ Parasitic Files [D5SPF)
+  =Click here to add a file>
[}~ Parasitic Files (SPEF)
__ =Click here to add a file>
[} PSpice Files
_ <Click here to add a path>

@ _cencel  _Apply _Help
2. Verify that the Include Path is set, as shown above, and click OK to close the form.

3. In ADE Explorer, choose Setup — Model Libraries.
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The Model Library Setup form is displayed.

4. Type in the name of the model file, as follows:

models/modelsRF.scs

5. Click Add.
The Model Library Setup form will look like the following:

Figure 2-10 Model Library Setup
spectrel: Model Library Setup

|Madel File section
£ Global Model Files
& o | modelsimodelsRF scs it/
et T sharefgpdk180_v3.3/models/spectre/gpdk.scs

-E <Click here to add model file= _

_ Gancel . Apply _ Help

6. Click OK.

SP Analysis and Small Signal Gain

The S-Parameter (sp) analysis is the most useful linear small signal analysis for low noise
amplifiers. In this section, you will set up an sp analysis by specifying the input and output
ports and the range of sweep frequencies.

The S-parameter analysis linearizes the circuit about the DC operating point and computes
the S-parameters of the circuit taken as an N-port. In the netlist, the port statements define
the ports of the circuit. Each active port is turned on sequentially, and a linear small-signal
analysis is performed. Spectre converts the response of the circuit at each active port into S-
parameters and outputs these parameters. There must be at least one active port statement
in the circuit.

Three power gain definitions appear in the literature and are commonly used in LNA design.

The following gain quantities are valid only for two-port circuits:
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B GA (available gain) is the power gain obtained by optimally matching the output of the
network.

B GP (power gain) is the power gain obtained by optimally matching the input of the
network.

B GT (transducer gain) shows the insertion effect of a two-port circuit. This quantity is used
in amplifier design.

Besides these three gain definitions, there are three additional gain definitions you can use
to evaluate the LNA design.

B Gumx (maximum unilateral transducer power gain)

B Gmax (maximum available gain) shows the transducer power gain when a simultaneous
conjugate match exists at both ports.

B Gmsg (maximum stable gain) shows the gain that can be achieved by resistively loading
the two-port such that k = 1 and then simultaneously conjugately matching the input
and output ports. For conditionally stable two-ports, you can approach the maximum
stable gain as you reduce the input and output mismatch. If you attempt a simultaneous
conjugate match and k < 1, the two-port oscillates.

There are also two gain circles that are helpful to the design of input and output matching
networks.

B  GPC: power gain circle

m GAC: available gain circle

The next steps will walk you through these simulations and measurements.

Editing the Schematic

1. Inthe Schematic window, click the RF voltage source. This is the input port to InaSimple.
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Figure 2-11 RF Voltage Source in InaSimple

Property Editor

l::_]instancen All

718 x| |

lesignore true

Fart made Marrmal
fesistance 50 Ghms
feactance -

Fart number 1

OC voltage e
Source fpoe  sing
Frequen... frfl
Frequen... frf1 Hz
Armplitud.. W
Arplitud... prf
Fhase fo..
Sine A

Note that when you select the port, the Property Editor populates with the instance
properties on the port. Note that the RF port has a Port Number of 1 and input
Resistance of 50 Ohms. Leave the Source type parameter set to sine and disable the
frequency source in the Design Variables section of ADE Explorer

. Next, click the port on the right side of the schematic. This is the output port of InaSimple.
The Property Editor shows the instance properties on the output port.

Figure 2-12 InaSimple Output Port

Property Editor il X|
l::_] instancen Al n
fvslgnore true e
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Heactance
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OC voitage
Source type
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Display te..
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(]
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Note that the output Port Number is 2 and the reference Resistance (real part of the
reference impedance) is 50 Ohms. The Source type is set to dc, as there is no large
signal generated on this port.

Setting Design Variables
Perform the following steps to set the design variables to the values required for each

simulation. The Design Variables section is located in the Setup pane of the ADE Explorer
simulation window:

Figure 2-13 Design Variables Section of ADE Explorer Window
| Setup il =]

.+ ExampleLibRF:InaSimple:1
% Simulator spectre

EI% Analyses

EI& Design Variables
- B fre 900M
- & friz 920M

- [ prr 20

[ |« & Parameters
& v <l Corners

1. Change the design variables frf1 and frf2 to 0. To edit the value, simply click the value
to the right of the variable name, and type in a value. Then press Enter. Setting the input
frequency to 0 disables the production of waveforms for the large-signal analyses like
tran, pss, and hb (harmonic balance.)

Figure 2-14 Edited Design Variables Section of ADE Explorer Window

E] & Design Variables

b [ frit 0
- - [E] fr2 o

HE e -20

The small-signal analysis begins by linearizing the circuit about an operating point. By
default, this analysis computes the operating point, if it is not known, or recomputes it if
any significant component or circuit parameter has changed.

2. In the ADE Explorer window, select Analysis - Choose or click the Choosing
Analyses icon (%, )on the right side of the ADE Explorer window.
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The Choosing Analyses form is displayed.

Figure 2-15 Choosing Analyses Form
Choosing Analyses - ADE Explorer

Analysis ® tran — dc - ac — noise
s Xf o/ SENS — dcmatch . acmatch
— Sth ' PZ ot If ' 5P
— envlp o pss — pac — psth
— pnoise . pxf — psp — gpss
— gpac — gpnoise . qpxf — Opsp
 Nb — hbac — hbstb — hbnoise
— hbsp — hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

__ Transient Moise

Dynamic Parameter

Enabled __ Cptions...
b= -

m Cancel Defaults Apply Help

3. Inthe Analysis section, select the sp radio button. The form expands.
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Figure 2-16 sp Choosing Analyses Form

Choosing Analyses — ADE Explorer

Analysis — tran s dc  ac — noise
s XT — SENS — dcmatch . acmatch
v/ stb / PZ s I & sp
— emvlp _ pss — pac — pstb
— pnoise . pxf — psp — gpss
— gpac — qpnoise . qpxf — qpsp
w/ Nb — hbac — hbsth — hbnoisa
— hbsp — hbxf
S-Parameter Analysis
Ports Select Clear
- S
Sprobes Select Clear
- S
Sweep Variable
® Frequency
— Design Variable
— Temperature
— Component Parameter
— Muodel Parameter
— Mone
Sweep Range
o 5 —_—
® Start-Stop Start Stop

— Center-Span
Sweep Type

Automatic n

Add Specific Points

Add Points By File

Do Maise

— yes

¥ no

Mode
& Single-Ended _ Mixed InfOut _ Other

Enabled . Cptions... »
m _ Lancel | Defaults | Apply /| Help
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4. In the Ports section, click Select. Next, click the input (RF) port, followed by the output
port (PORTO0). When finished with the two selections, press the Esc key. The form and
schematic will look like the following:

Figure 2-17 Choosing Analyses Form with Ports Selected

S-Parameter Analysis

Faorts Select Clear

"/RF /PORTD

If the list of active ports is specified with in the Ports field, the ports are numbered
sequentially from one in the order given. Otherwise, all ports present in the circuit are
active, and the port numbers used are those that were assigned on the port statements
in the netlist (or in the Edit Properties form).

Spectre can perform AC/SP analysis while sweeping a parameter. The parameter can be
frequency, temperature, component instance parameter, component model parameter,
or netlist parameter. If changing a parameter affects the DC operating point, the
operating point is recomputed at each step. After the analysis is complete, the modified
parameter returns to its original value.

You can define sweep limits by specifying the end points or the center value and span of
the sweep. Steps can be linear or logarithmic, and you can specify the number of steps
or the size of each step. If you do not specify a step size parameter, the sweep is linear
when the ratio of stop to start values is less than 10 and logarithmic when this ratio is 10
or greater. All frequencies are in Hertz.
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5. You will be sweeping frequency in this simulation. In the Sweep Variable section of the
Choosing Analyses form, select Frequency (this is the default value).

6. Inthe Sweep Range section, select Start-Stop. Enter 500M in the Start field and 4.0G
in the Stop field.

7. Set Sweep Type to Linear. Select Number of Steps and set that to 50.

8. Inthe Do Noise field, select yes. This sets up the small signal (linear 2 port) noise
analysis. The small signal assumption is valid when the input power level is low (at least
10dB below the 1dB compression point) and the circuit is operating in the linear range.

When donoise=yes is specified, the noise correlation matrix is computed. If in
addition, the output is specified using Output probe (oprobe), the amount that each noise
source contributes to the output is computed. Finally, if an input is also specified (iprobe),
the two-port noise parameters are computed (F, Fmin, NF, NFmin, Gopt, Bopt, and Rn).
When an input port is specified, the two-port noise parameters are computed (F, Fmin,
NF, NFmin, Gopt, Bopt, and Rn).

9. Click Select to the right of Output port and click the output port (PORTO) in the
schematic.

10. Click Select to the right of Input port and click the input port in the schematic (RF).
Alternately, you can type /PORTO inthe Output portfield and /RF in the Input port
field.

11. In the Mode section, select Single-Ended. If you are simulating mixed-mode
parameters, select the Mixed In/Out option. For more information, see the Spectre
Circuit Simulator and Accelerated Parallel Simulator User Guide or type spectre -h
sp at the command prompt.

12. Click OK at the bottom of the form. The Choosing Analyses form will look like the one
below.
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Figure 2-18 sp Choosing Analyses Form

= Choosing Analyses — ADE Explorer |55]
Analysis w tran W/ dc W ac « nNoise
w xf '/ SENS « dcmatch . acmatch
 sth — pz It & sp
— EMVIp L pss ' pac w pstb
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' gpac — qQpnoise . qpxf — qpsp
— hb « hbac « hbstb — hbnoise
— hbsp  hb=f

5-Parameter Analysis

Ports Select Clear
/RF /PORTD
Sprobes Select Clear

Sweep Variable

® Frequency

. Design Variable

— Temperature

— Component Parameter
— Model Parameter

 Mone
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Add Points By File

B0 b Output port /PORTO
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13. Click OK.
Your ADE Explorer Setup Assistant will look like the following:

Figure 2-19 ADE Explorer

Virtuoso® ADE Explorer Editing: ExampleLibRF InaSimple maestro

Launch Session Setup Analyses Variables Outputs Simulation Results Tools EAD Parasitics/LDE Window Help

[} @ dl i 27 |l e & IS Repace - n “

Setup ZlE X| & |nasimple |1 maestro

Hame | Value | Mame -~ |  Type | Details | Plat | save | Spec

- 4» ExampleLibRF:InaSimple:1

%3 Simulator spectre

EI%; Analyses

|> ' sp 500M 4.0G 50 Linear Number of ..

1% Design Variables
S[@ i1 g00m
C[E iz 920m

S[E prf 20

H !& Parameters

H !‘—‘ﬂ Corners

t| |_| Reliability Analyses

J @ Monte Carlo Sampling
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Running the Simulation and Plotting the Results

Start the analyses by clicking the green arrow icon # in ADE Explorer or in the Schematic
Editor.

This netlists the design and runs the simulation. A SpectreRF status window is displayed
(spectre.out log file). When the analysis has completed, you may iconify the status
window.

1. In ADE Explorer, select Results - Direct Plot - Main Form.
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Figure 2-20 Invoking the Direct Plot Form
Virtuoso® ADE Explorer Editing: ExampleLibRF InaSimple maestro

atiim]mls EAD Parasitics’LDE Window Help

5 |||E Plot Qutputs L4 ﬁ r'_@

rin = o
Transient Signal gﬂ

Transient Minus DC

Annotate L

Wectar L4

Transient sum
Circuit Conditions ... -

Transient Difference

The Direct Plot Form is displayed. Alternately, you can click the Direct Ploticon
in the Schematic window.
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Figure 2-21 sp Direct Plot Form

Direct Plot Form

Plotting Mode

Analysis

& sp

Function

& 5P — ZP — YP s HP
— GD — VSWR o NFmin . Gmin
— Rn s 1 ' NF - KFf

— BIf - GT - GA / GP
— Gmax _ Gmsg o Gumx o IM
— NC - GAC o GPC / L5B

Description: 5-Parameter

Plot Type

® Rectangular _ Z-Smith _ ¥-5mith

— Polar
Modifier

® Magnitude . Phase — dBz20

— Real — Imaginary

511 512

521 522

Add To Outputs —

= To plot, press 5ij-button on this form...

_telp
2. Inthe Direct Plot Form, leave the Plotting Mode set to Append (this is the default).

3. Inthe Function section, select GT (for Transducer Gain). Transducer power gain, GT, is
defined as the ratio between the power delivered to the load and the power available from
the source.

Note: When using the S-parameter Direct Plot Form, the Analog Design Environment
assumes that the source (I's) and load (I'| ) reflection coefficients are zero. GT, therefore,
plots the insertion gain assuming source and load impedances are matched.
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(2-1) Transducer Gain with Source and Load Impedances Matched

4. In the Modifier section, select dB10 because you are plotting power.

5. The sp Direct Plot Form will look like the following:

Figure 2-22 sp Direct Plot Form

Direct Plot Form

Plotting Mode ~ APpend ﬂ
Analysis
& sp
Function
i 5P i ZP i P — HF
— GD — VEWR o MFmin . Gmin
— Rn - — MF o KF
- Bif 2 GT — QA s GP
— Gmax o Gmsg o Gumx o ZM
— MC - GAC L GPC — L5B
— 5B

Description: Transducer Gain

Modifier

— Magnitude | ® {dB10:

Add To Qutputs — Flot
= Press plot button on this form...
6. Click Plot.

7. Inthe Function section, select GA (for Available Power Gain). Available power gain, GA,
is defined as the ratio between the power available from the network and the power
available from the source.
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Note: When you use the S-parameter Direct Plot Form, I'g is set to zero, and therefore
available gain (GA) is plotted as:

(2-2) Available Gain with T¢=0

5

2
921

“.-1. = 5
L |855]

8. Click Plot again.

9. Inthe Function section, select GP (for Power Gain). Power Gain is defined as the ratio
between the power delivered to the load and the power input to the network.

Note: The ADE Explorer environment assumes that I';,=0 (the input is matched) so the
equation for power gain (GP) reduces to the equation below:

(2-3) Power Gain with T =0.

Gy =— 5[
1- 8]

10. Click Plot once more. All three gains (GT, GA, GP) plots are displayed on one window,
as shown below.
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Figure 2-23 Transducer, Available, and Power Gain
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Note that G T is the smallest gain. Because the power available from the source is greater
than the power input to the LNA network, the Power Gain is greater than the Transducer
gain (GP > GT). The closer the two gains are, the better the input matching is. Similarly,
because the power available from the LNA network is greater than the power delivered
tothe load , GA > GP. The closer these two gains are, the better the output matching is.
The power gain GP is closer to the transducer gain GT than the available gain GA which

means the input matching network is properly designed. That is,

S11 is close to zero.

11. In the Direct Plot Form, change the Plot Mode to New SubWin (new subwindow).
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Figure 2-24 Changing Plot Mode to New SubWindow

Direct Plot Form

Plotting Maode Append ﬂ
Analysis Append
Replace
8 sp
Mew Win
Function
o 5P ! ZP ' YP st HP

12. Inthe Function section, select Gmax (for maximum Transducer Power Gain) and click
Plot.

13. Change the Plotting Mode to Append.
14. In the Function section, select Gmsg (for Maximum Stability Gain), and Click Plot.

15. Inthe Function section, select Gumx (for maximum Unilateral Transducer Power Gain),
and click Plot again.

The three waveforms are appended to the previous graph, as shown below.
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Figure 2-25 Adding Maximum Available, Maximum Stable, and Maximum
Unilateral Gain Plots
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O Maximum unilateral transducer power gain (Gumx) is the transducer power gain
when you assume that the reverse coupling of the LNA S5, is zero, and the source
and load impedances are conjugately matched to the LNA. That is S11=I'g and
S22=T"|

0 Maximum transducer power gain, Gmayx, is the simultaneous conjugate matching
power gain when both the input and output are conjugately matched.

O Maximum stable gain, Gmsg, is the maximum of Gmax when the stability condition,
K> 1, is satisfied.

Note: Equations for Gumx, Gmax, and Gmsg and a discussion of the Stability factor K
are discussed in Chapter 8: AnalogLib Components Used in RF Simulation of the
Virtuoso® Spectre® Circuit Simulator and Accelerated Parallel Simulator RF Analysis
User Guide.
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In the plots above, the maximum unilateral transducer power gain (Gumx) is very close to the
maximum transducer power gain (Gmax) which means the reverse coupling S12 is small.
The maximum stable gain (Gmsg) is the largest of the six gains plotted.

1. In the ViVA waveform window, choose File -Close All Windows to close the waveform
window.

2. Next, you plot the gain circles. There are two types of gain circles: Power Gain Circles
and Available Gain Circles. Inthe Function section of the Direct Plot Form, select GAC
(Available Gain Circles). The form expands.
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Figure 2-26 Direct Plot Form for Available Gain Circles
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Available Gain (GA) is solely a function of the source reflection coefficient I's . Thus, you

can draw available gain contours on the Smith chart of I'g . The location for the peak of
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the contour corresponds to I's producing the maximum available gain (GA). You can
move the peak location by changing the design of the input matching network. The best
location for the contour peak is at the center of the Smith chart, where I's=0.

3. Inthe Plot Type section, choose Z-Smith. You will be plotting Gain Circles on the
Impedance Smith Chart. (Y-Smith plots on the Admittance Smith Chart).

4. In the Sweep section, you can either choose Gain Level (dB) or Frequency (Hz). In
this case, you will be sweeping Gain Level. The Frequency you specify depends on the

operating frequency of your design. Since the InaSimple circuit operates at 900MHz,
enter that value in the Frequency (Hz) field.

5. Inthe Level Range (dB) section, set Start to 4, Stop to 14, and Step to 2.

The Direct Plot Form should look like the following:
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Figure 2-27 Direct Plot Form for Plotting Available Gain Circles at a Constant

Frequency
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6. Click Plot. The available gain circles are plotted in the waveform window, as shown
below.
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Figure 2-28 Available Gain Circles on Z-Smith Chart
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As you move your cursor around one of the Available Gain Circles, notice that the
Tracking Cursor will read out both the Real and Imaginary part or the reflection coefficient
directly from the Smith Chart in the Tracking Info section on the left side of the Smith
Chart. The impedance or admittance at that point is also shown in the Reference point
values section of the Legend.

Inthe Direct Plot Form, change the Plot Mode to New Window. Next, plot the Power
gain circle (GPC).

Power Gain (GP) is solely a function of the load reflection coefficient I'| . Thus, you can
draw the power gain contours on the Smith chart of I'| . The location for the peak of the
contour corresponds to I'| producing the maximum power gain (GP). You can move the
peak location by changing the design of the output matching network. The best location
for the contour peak is at the center of the Smith chart, where I', = 0.

8. Inthe sp Direct Plot Form, selectGPC in the Function section.
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9. In the Plot Type section, select Z-Smith (it should be the default). You will be plotting
Gain Circles on the Impedance Smith Chart.

10. Inthe Sweep section, your choices are frequency and Gain Level (dB). Choose Gain
Level (dB). Since the InaSimple operates at 900MHz, enter 900M in the Frequency
(Hz) field.

11. Inthe Gain Level (dB) section, set Startto 4, set Stopto 14, and Stepto 2. The
Direct Plot Form should look like the following:
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Figure 2-29 Direct Plot Form for Power Gain Circles
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12. Click Plot. The power gain circles are plotted on the Smith Chart, as shown below.

September 2023 51 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in

ADE Explorer Workshop

Figure 2-30 Power Gain Circles
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Next, you will look at circuit stability and plot Stability Circles.
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Stability
After running an sp analysis, you can plot stability factor and stability circles.

KT, the stability factor, is valid for two-port circuits only. Kf is defined as:

Figure 2-31 Equation for Kf, stability factor
I

2 3 9
K, - . |‘5'l!|_ o
'I 2[S21|%1

.Ir.] = -“.II.SI':"" _';';II_‘;I'I:I

Lo = =

The above equation is valid for small-signal stability only. Under large signal conditions, the
circuitis less likely to be stable. In the presence of feedback paths from the output to the input,
the circuit might become unstable for certain combinations of source and load impedances.
An LNA design that is normally stable might oscillate at the extremes of the manufacturing or
voltage variations, and perhaps at unexpectedly high or low frequencies. When K > 1 and D
< 1, the circuit is unconditionally stable. That is, the circuit does not oscillate with any
combination of source and load impedances. You should perform the stability evaluation for
the S parameters over a wide frequency range to ensure that K remains greater than one at
all frequencies.

1. In the Function section of the sp Direct Plot form, select Kf.
2. Setthe Plotting Mode to New Window.
The sp Direct Plot Form should look like the following:
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Figure 2-32 Plotting Kf

from the sp Direct Plot Form
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3. Click Plot.

_tep

The waveform window is displayed, as shown below.
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Figure 2-33 Plotting Stability Factor K; vs Input Frequency
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The stability factor Kf is greater than 1 for all frequencies viewed, indicating that the
circuit is stable at these frequencies. As the coupling (S12) decreases (reverse isolation
increases), stability improves. You might use techniques, such as resistive loading and
neutralization to improve stability for an LNA.

Next, plot the Stability Circles.

4. Close the waveform window by choosing File - Close All Windows and go back to the
Direct Plot Form.

5. Inthe Function section, select LSB (Load Stability Circles). The form changes.

6. Inthe Plot Type section, choose Z-Smith (this is the default). You will be plotting Load
Stability Circles (LSB) on the Impedance Smith Chart. (Y-Smith plots on the Admittance
Smith Chart).
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7. Inthe Frequency Range (Hz) section, enter Start 500M, Stop 4G, and Step 200M.
The Direct Plot form should look like the following:

Figure 2-34 Direct Plot Form for Plotting Load Stability Circles

Direct Plot Form

Flotting Mode Mew Win n

Analysis

L]

Function

s SP s ZP - P — HFP
s GD — VSWR _ NFmin _ Gmin
— Rn — — MF — Kf

- BIf - aT — A s GP

w Gmsg o Gumx o ZM

Description: Load Stability Circles

Plot Type

& Z-5mith | ¥-5mith

Frequency Range (Hz)

Start 500N Stop 4G

Step 2000

Add To Outputs  — Plot
e - e -

= Press plot button on this form...

8. Click Plot. The Load Stability Circles are plotted, as shown below.

September 2023 56 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Figure 2-35 Load Stability Circles
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By default, the graph is zoomed out to show all traces. Zoom into the Smith Chart by
holding down the right mouse button and dragging a square around the section of the
Smith Chart you would like to view. When you release the button, the graph redraws. You
can also determine which trace belongs to which frequency by clicking on the + button
to the left of LSB in the upper left section of the graph legend. This is shown in the next

figure.
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Figure 2-36 Zoomed in Load Stability Circles
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Next, you will be plotting the Source Stability Circles.
9. In the Function section, select SSB (Source Stability Circles). The form changes.

10. Inthe Plot Type section, choose Z-Smith. You will be plotting Source Stability Circles
on the Impedance Smith Chart.

11. Inthe Frequency Range (Hz) section, enter Start 500M, Stop 4G, and Step 200M.
The Direct Plot Form should look like the following:
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Figure 2-37 Direct Plot Form for Source Stability Circles
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12. Click Plot. The Source Stability Circles are plotted, as shown below.
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Figure 2-38 Source Stability Circles for InaSimple

| 4| Virtuoso (R) Visualization & Analysis XL: ExampleLibRF InaSimple maestro | 1 \ J| 3¢

|E\|E Edit Wiew Graph Axis Trace Marker Measurements Tools Window Browser Help cadence

I -B-F ST ls ¢ % 0821008 aqlidaea@ly B2
||||;é>ﬁ ‘;E} % D : Subwindow:; 1 B"l'l] E‘_J |||,_ = Data Point m ||| ||| Classic B% Q

"] ExampleLibRFin.. "] ExampleLibRE:n.. "] ExampleLlibRF:In... ] ExampleLibRF:n... Il ExampleLibRE:n... ] ExampleLibRF:in ®
P! | P! | P P | P

E 8-Parameter Responsa 1
i BN S5B (fieq=5=+08) M 55B (fieq=7e+05) [ 55B (fieg=9=+08) [ 55B (fieq=1.1e+09) MM 5SB (freg=1.3e+09) [ S5B (fieg=1.5e+0%) = hd

=

[ imouse L M:
!
|5t10] ‘ plot new graph subwindow ﬂ

By default, the graph is zoomed out to show all traces. Zoom into the Smith Chart by
holding down the right mouse button and dragging a square around the section of the
Smith Chart you would like to view. When you release the button, the graph redraws. You
can also determine which trace belongs to which frequency by clicking on the + button
to the left of SSB in the upper left section of the graph legend. This is shown in the next
figure.
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Flgure 2-39 Zoom in Source Stability Circles
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When you release the mouse button, the plot redraws, as shown in the next figure.
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Figure 2-40 Zoomed in View of Source Stability Circles
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The source and load stability circles are also useful for checking for LNA stability. The
input stability circle draws the circle I'p;; = 1 out on the Smith chart of I's . The output
stability circle draws the circle T, = 1 on the Smith chart of I'.

The non-stable regions of the two circles should be far away from the center of the Smith
chart. In fact, it is better if the non-stable regions are located outside the Smith chart
circles. This is the case for both Load and Source Stability circles.

13. Inthe ViVA waveform window, select File - Close All Windows. The waveform window
closes.

The next measurement you will make is Noise Figure.
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Linear 2-port noise analysis (NF, NFmin) and Noise circles

For cascaded stages, the overall noise figure is mainly determined by the first amplification
stage, provided that it has sufficient gain. You achieve low noise performance by carefully
selecting the low noise transistor, DC biasing point, and noise-matching at the input. The
noise performance is characterized by noise factor, F, which is defined as the ratio between
the input signal-to-noise ratio and the output signal-to-noise ratio. For equations to Noise
Figure and minimum Noise Figure, see the Noise Calculations in the Simulator section in the
Spectre® Circuit Simulator and Accelerated Parallel Simulator RF Analysis User Guide.

You have already run the simulation for linear two-port noise as part of the sp analysis. Now,
you will plot the results.

1. Inthe sp Direct Plot Form, select NF in the Function section. The form changes.

2. In the Modifier section, select dB10 to plot Noise Figure. (If you want to plot Noise
Factor instead, select Magnitude). The sp Direct Plot Form should look like the figure
below.
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Figure 2-41 sp Direct Plot Form for Plotting Noise Figure

Direct Plot Form

Plotting Mode Mew Win ﬂ

Analysis

2 =p

Function
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— Rn — m & NF -~ Kf
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— MC - GAC L GPC — LSBE
— 55B

Description: Moise Figure

Modifier

_ Magnitude | ® {dB10}

Add To Outputs — Flot
b= =4 = =

= Press plot button on this form...

3. Click Plot. The noise figure is plotted, as shown below.
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Figure 2-42 InaSimple Noise Figure Plot
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4. Inthe Direct Plot Form, change the Plotting Mode to Append.
5. In the Function section, select NFmin. You will be plotting minimum noise figure.

6. Setthe Modifierto dB10 to plot minimum noise figure. (Leave the modifier at the default
value of magnitude to plot minimum noise factor).

The Direct Plot Form should look like the following figure:
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Figure 2-43 sp Direct Plot Form for Minimum Noise Figure

Direct Plot Form

Plotting Mode ~ APPend |
Analysis
® =p
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— 55B

Description: Minimum Moise Factor

Maodifier

— Magnitude | & dB&10

Add To Outputs  — Plot
b= = b= =

= Press plot button on this form...

7. Click Plot to plot minimum noise figure. The noise figure is plotted, as shown below.
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Figure 2-44 InaSimple Minimum Noise Figure
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Note: The y-axis label for Noise Figure and Minimum Noise Figure both show “Noise
Factor (dB)”. View the legend at the upper left side of the plot. You will see NF dB10 and
NFmin dB10. This shows that noise figure (rather than noise factor) is being plotted.

The Noise Figure plots are at a minimum at the frequency of operation.
Next you will plot Noise Circles.
8. Inthe Direct Plot Form, change the Plotting Mode to New SubWin.
9. In the Function section, select NC. The form changes.

10. Inthe Plot Type section, select Z-Smith. This plots the noise circles on the Impedance
Smith Chart (Choosing Y-Smith plots the noise circles on the Admittance Smith Chart.)

11. Inthe Sweep section, select Noise Level (dB). You will be plotting circles of constant
noise level at a single frequency.

September 2023 67 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

12. Inthe Frequency(Hz) field, type 900M. This is the operating frequency of the InaSimple
circuit.

13. In the Level Range (dB) section, set Start to 4, Stop to 8, and Step to 0.5. The Direct
Plot Form should look like the figure below.
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Figure 2-45 Direct Plot Form for Noise Circles
Direct Plot Form
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14. Click Plot. The Noise Circle plot is displayed, as shown below.
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Figure 2-46 Noise Circle Plot
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The optimum location for the center of the noise circle is at the center of the Smith chart.
However, itis hard to center both the available gain circle, GAC, and the noise circle, NC,
in the Smith chart. When you design an LNA, plot NC, GAC, and the source stability
circle, SSB, together in the same plot. Use this plot to trade-off the gain, noise, and
stability for the input matching network design.

15. Clean up the screen for the next set of measurements.
a. Close the Results Display window by choosing Window - Close.
b. Close the ADE Explorer window by choosing Session - Quit.

c. In the Schematic window, choose File - Close.
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Summary

In this section, you have looked at common measurements made on Low Noise Amplifier
circuits, specifically Gain, Stability, and Noise. For other examples of Measurements, see
Chapter 3: Frequency Domain Analyses: Harmonic Balance in the Virtuoso® Spectre®
Circuit Simulator and Accelerated Parallel Simulator RF Analysis User Guide and the LNA
Workshop located in the MMSIM hierarchy.

In the next section, you will measure the 1dB Compression Point and IP3 using two different
methods.
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Third-Order Intercept measurement with HB (2 tone HB)

In narrowband circuits, distortion is commonly measured by applying two pure sinusoids with
frequencies well within the bandwidth of the circuit (call these frequencies f1 and f2). The
harmonics of these two frequencies would be outside the bandwidth of the circuit, however,
there are distortion products that fall at the frequencies 2f;-f, 2f,-f;, and so on. These
frequencies are within the bandwidth of the circuit and can be used to measure the
intermodulation distortion, or IMD, produced by the circuit.

IP3 is an important RF specification. The IP3 measurement is defined as the cross point of
the power for the 1st order tones, f; and f,, and the power for the 3rd order tones, 2f;—f, and
2fo—f4, on the load.

2 input signals (fundamentals) 2 output signals of equal amplitude
of equal amplitude atf; and f,
atf; and f,

Input A A A OutputA A A

Power Power

L,

2ty Tl 2Gf foouency

f1 12 frequency

And 3rd order products

Assuming the input amplitudes are equal, the output first order terms will have the same
amplitude and the output third order terms will also have the same amplitude.

As the first order components grow linearly and the third order components grow cubically,
they eventually intersect as the input power level increases.

The third order intercept point is where the two output power curves intersect, as shown in
the figure below.
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Figure 2-47 1dB Compression Point and IP3 Curves

Cutput Fower

Input Power

CP4 is the 1dB compression point
IP5 is the third order intercept

SpectreRF provides several different ways of simulating IP3 for a low noise amplifier. You will
measure |IP3 (input IP3) using two different ways.

The first way is to use hb analysis with two RF tones applied. Generally, the RF power is swept
over a range in the small-signal region. Hb is a large-signal simulation that calculates all the
harmonics. Because the third-order product is quite small at low-input power, the accuracy of
the simulation result must be kept quite high. This usually requires lengthy simulations.

The fastest approach is to select Rapid IP3 from the AC analysis. This is the fastest approach
but it is limited to small-signal (at least 10dB below the 1dB compression point) IP3
measurements. In a small-signal application, both techniques produce answers typically
within 0.1dB of each other.

Opening the InaSimple LNACircuit in the Schematic Window
1. In the CIW, choose File — Open.
The Open File form is displayed.
2. Choose ExampleLibRF from the Library drop-down list.

3. Choose InaSimple from the Cells list box. Leave the rest of the fields at their default
values.

4. The completed Open File form appears like the one below.
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Figure 2-48 Open File Form

Open File
File
. Cells
Librar ExampleLibRF
e = NV
Cell 1lnaSimple RC_Oscillator .
WC_Ring_Osc_Diff
: T 7 cascode
Wiew schematic n b rixer
Type schematic db_mixer_xmit
envlp_simpletest
Browse inwvlx =
—_ 1na300
Application lnasimplee
; opamp
openwith  (SchematicsL g R tor okt )
__ Always use this application for this type of file sh_fet_test i
Open for 2 edit o read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds . lib

5. Click OK.

The Schematic window for InaSimple is displayed.
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Figure 2-49_InaSimple Schematic

.| YGererio_pnp!)

N
Fok

6. In the Schematic, click on the RF port on the left side of the schematic.
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Figure 2-50 RF Port Selected
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9(18) |

Note that when you do this, the RF port properties are populated in the Property Editor
pane. Examine the input port settings.
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a. Source type sine means generate large signals for the time domain (transient,
pss-shooting, gpss-shooting, envip-shooting, and so on) or frequency domain (HB
or envlp-HB) analyses.

The port can generate one or two large signals. In this example, it is generating two
signals. You need to specify a name for all of the large signals. This is done in the
Frequency name 1 and Frequency name 2 property fields. The frequencies are
setto a variable name. The value of the variables is set in ADE Explorer. This allows
sweeps to be done in the Analog Design Environment. The amplitudes can be set
in volts peak or in dBm. In this case, the amplitudes are set to a variable named prf.
When the amplitude is set in dBm, the amplitude in volts cannot selected.

The Display second sinusoid option is a display function only. If there is an entry
there and the display option is off, the second waveform will still be generated. To
switch to a single input, remove all the entries, or set the amplitude or frequency to
zero in the Amplitude field or the Design Variables section of ADE Explorer.

The amplitude for the small-signal analyses AC and PAC are set in the source. To
view the small signal values, scroll down the form to the Display small signal
parameter drop-down list and select true. The amplitude for AC and PAC can be
either in Volts peak or dBm, but not both at the same time.

Figure 2-51 RF Port Display small signal parameters.

Property Editor x
\@) instance (13 - & M

Frequency name 1 fifl
Frequency 1 ftf1 Hz
amplitude 1 (Wpk) W
amplitude 1 (dBm)  prf
Fease Iy Siesor..
e D0 level
Dledz) Nine

Display second sinus... frue
Frequency name 2 fife
Frequency & ftfé Hz
Armpiifiede 2 laek)
amplitude 2 (dBm)  prf
Fease Iy Siesor..

Display multi sinusoid  true
Mgmber oF Fregue... 0
Cizpial modiiiahon g
EXspaigy simall signal g
SEHEN TERReraiine ..
EXspigy inoise paraimel..
Afuitipiier )

The form expands, as shown below.
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Figure 2-52 Expanded RF Port Display Small Signal Parameters
] Property Editor [7]5]x]

@) instance (1) - & - |

Amplitude 1 (dEm) prf
Fleaze 1or Sinusoid 7
Sie D0 fevel
Seizy Hime

Display second sinusoid  true
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Armpitize 2 (lhed) 3
Amplitude 2 (dEm) prf
Flraze 1or Sinusoid £

Display multi sinusoid true

Mgimbar oF Freguency.. 0
Dsgizy modiziion pars... false
Display small signal par.. true

Fac kMagnitude 1
FAC Magiitude (o8m)
Fac phase 0
AC Magnitude 1
AC phase 0
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< il o ,_

The frequency of these signals will be set in the small-signal setup form in ADE
Explorer. The amplitude for PAC can be either in volts peak or in dBm, again with the
form not allowing both to be set at the same time.

7. In the Schematic window, choose Launch — ADE Explorer.
8. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.

September 2023 78 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in

ADE Explorer Workshop

Figure 2-53 Create new ADE Explorer view

Create new ADE Explorer view

File

Library ExampleLibRF B
Cell 1naSimple| ]
View maestro

Type maestro )
Application

Open with ADE Explorer
__ Always use thisapplication for this type of file

Library path file

'spectreRFtestcase/RF_Doc_Database/cds.lib

Openin @ newtab o currenttab _ new window

9. Leave each option to the default selections and click OK.

The Virtuoso ADE Explorer window opens.
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Figure 2-54 Analog Design Environment Window
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Choosing Simulator Options
1. Choose Setup — Simulator in the Virtuoso Analog Design Environment window.
The Choosing Simulator form is displayed.

Figure 2-55 Choosing Simulator Form
Choosing Simulator — ADE Explorer

Simulatar EF”F'-':tr'-:-' ............. :
m - Cancel o\ Apply o\ Help -
2. Choose spectre from the Simulator drop-down list.
3. Click OK.

4. Select Setup - High Performance Simulation. The High Performance Simulation
Options window is displayed.
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Figure 2-56 High Performance Simulation Options
High-Performance Simulation Options

Simulation Performance Mode — Spectre !APS . Spectre X . XP5M5

General

Accuracy + Speed
Error Preset: ® Do not override . Liberal . Moderate _ Conservative
APS Options

Use ++aps: -

Multi-Threading

® Auto . Disable . Manual t Thread

Post-Layout Settings
Enable Post-Layout Optimization: -

Instance Preservation: ® MNone . Selected

m _ Cancel | Defaults /| Apply | Help

5. Inthe High Performance Simulation Options window, select APS as the Simulation
Performance Mode. Note that Auto is selected for Multi Threading. The effect of this
is to detect the number of cores on the system (up to 16) and then multi-thread on all the
available cores.

6. Click OK.
7. In ADE Explorer, select Outputs — Save All.
The Save Options form is displayed.
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Figure 2-57 Save Options Form

Save Options
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Save Options
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Transient Time Window Options
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S
Save circuit infoermation anal;.rsis
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modelParameter models rawfile »
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designParamVals parameters rawfile »
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Output Format — sst2 _ psf _ psfwithfloats o psfxl _ fsdb
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8. Inthe Select signals to output section, ensure that allpub is selected.
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This is the default selection. This saves all the node voltages at all levels of the hierarchy,
but it does not include the node voltages inside the device models.

9. Click OK.

Setting Up Model Libraries
In ADE Explorer choose Setup - Simulation Files.

The Simulation Files Setup form is displayed.

Figure 2-58 Simulation Files Setup Form

spectrel3: Simulation Files Setup

Paths/Files | Vector Files

|Files/Paths |Options |
Er- Include Paths
CaE) —
+ . <Click here to add a path>
Ci- Definition Files
__ =Click here to add a file=
[} Stimulus Files
_ <Click here to add a file>
[}~ Parasitic Files [DSPF)
- <Click here to add a file>
[} Parasitic Files (SPEF)
<Click here to add a file>
[}~ PSpice Files
_ <Click here to add a path>

@I concel  Apply . Help
1. Verify that the Include Path is set as shown above and close the form.
2. Select Setup — Model Libraries.
The Model Library Setup form is displayed.

3. Inthe Model Library File field, type in the name of the model file, as shown below.

models/modelsRF.scs

4. Click Add.
The Model Library Setup form looks like the following:
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Figure 2-59 Model Library Setup
=| spectrel3: Model Library Setup

|

|Madel File Section |
El- Global Model Files

# | models'modelsRF.scs _
sharefgpdk180_v3.3/models/spectre/gpdk.scs
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_
il
—_
b4
—_

&P e sppy Help

5. Click OK.

Alternately, you can click the Browse button and select the modelsRF.scs model file.

6. Select Analyses - Choose. Alternately, you can click the Choose Analyses icon &

_Mrans

The Choosing Analyses form is displayed.
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Figure 2-60 Choosing Analyses Form
Choosing Analyses - ADE Explorer
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7. In the Analyses section, select hb. The form expands, as shown below.
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Figure 2-61 hb Choosing Analyses Form
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Harmonic balance can set the harmonics automatically for the signal that causes the
most distortion. This is recommended in the general case. To enable this, select Decide
automatically or Yes from the Run Transient? drop-down listin the Transient-Aided
Options section. This single action will cause a transient analysis to be run until steady-
state is detected, and then from the transient analysis, the number of harmonics for
Tone1 (when Frequencies is selected) or for the tone that has tstab enabled (when
Names is selected).

8. In the Transient-Aided Options section of the form, select the following
a. For Run transient? select Decide automatically. (this is the default)

Run transient? will run the large signal using the transient (In SpectreRF, this is
called the tstab interval) for a short period of time. At the end of tstab, an FFT is
performed, and this is used as the starting point in the harmonic balance analysis.
Doing this improves the convergence of hb by giving it a better starting point at the
cost of a short transient analysis.

b. For Stop time (tstab), auto is automatically populated in the field

When auto is selected for Stop Time, a small number of periods of the large signal
is run using the transient analysis. During this time, the signal is checked for steady-
state conditions. If steady-state is not reached in the initial number of periods, more
periods can be added automatically by the simulator. Using this feature allows an
accurate FFT for the starting point in the hb iterations.

When Run transient? is set to Decide automatically, the Detect Steady State
option is checked automatically. When this is set, the simulator stops the transient
analysis when steady-state is detected in the tstab interval, runs the FFT, and starts
iterating in the frequency domain. Using Decide automatically simplifies the setup
for harmonic balance, and produces correct answers from hb without needing to
know how to set hb up manually.

c. For Save Initial Transient Results (saveinit), select yes.

During the transient-assisted HB simulation, a transient simulation runs before the
frequency domain iteration of harmonic balance. The large signal in Tone1 is
enabled for this measurement. At the end of the tstab, an FFT is run and its result
is used as the starting point for the frequency domain iterations

All the signals are applied and the simulation is done in the frequency domain.Only
the signal and its harmonics are calculated.
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Figure 2-62 Transient Assisted Harmonic Balance
Harmonic Balance Analysis

Transient-Aided Options

Rur trancient? (Decide automatically n

Detect Steady State v IStDp Tirmeltstabl auto
Save Initial Transient Results (saveinit) — no Miyec
9. Inthe Tones section, select Names. When Names is selected, the Tones portion of the
form expands. All the sources in the top-level schematic are read into the form
automatically.
Note that there are two large tones. The frequency names for all large signal tones are
automatically populated from the schematic. You viewed the tones earlier when viewing
Property Editor for the RF port.
The frequency values for the frf1 and frf2 tones are set in the Design Variables section
of the ADE Explorer, which will be shown later.
10. Select the frf1 tone in the Tones field.
11. Set the Mxham value to auto and click Change.
The form updates. Spectre will choose the appropriate number of harmonics for you.
Figure 2-63 Tones Section of hb Choosing Analyses Form
Tones ' Frequencies ® Marnes
Tones
# Mame Expr Value Mxham Qvsap Tstab Srcld
auto !
z frfz  frfz 928M 31 no RF
frfi frfi AEEM auto 1 lyes n RF
L.Change i (Delete) | Update From Hierarchy
Freqdivide Ratio for tone with Tstab 1
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12.

13.

14.

15.

16.

17.

18.
19.

20.
21,

When you set harms to auto, leave OvSap (oversample factor) set to the default value
of 1.

Leave Tstab set to the default value of yes.

Because you are using auto-tstab, you do not need to set Tstab to yes in the Tones
section for one of the large signal tones. The signal with tstab=yes is the signal that is
used for transient-assisted harmonic balance. Only one signal can have transient assist,
that being the signal with Tstab set to yes.

Note: If for some reason you are not using auto-tstab, set tstab to yes on the signal that
causes the largest amount of distortion in the system.

During the tstab interval, a transient analysis is run before the frequency domain iteration
of harmonic balance. At the end of the tstab, an FFT is run and its result is used as the
starting point for the frequency domain iterations. All the signals are applied and the
simulation is performed in the frequency domain.

Leave the Harmonics field set to Default.

In the Accuracy Defaults section, verify that moderate is selected. For most normal
measurements errpreset should be set to moderate. When you need to measure really
small distortions, use conservative.

To set up a sweep analysis, select the Sweep check box and set the value for Sweep to
1 (this is the default value).

For Frequency Variable? select no. You will be sweeping input power rather than
frequency.

Type prf in Variable Name.

In the Sweep Range, type -50 in the Start field and -20 in the Stop field. Typically, you
want to choose an input power that is at between 20-40 dB below the 1dB CP.

Select Linear from the Sweep Type section and enter 5 in the Step Size field.

Leave the rest of the form set to the default values. The hb Choosing Analyses Form
should look like the following figure:
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Figure 2-64 Choosing Analyses Form for Two Tone Swept HB Analysis

' gphoise o qpsf ' gpsp 2 hb

' hbat ' hbnaise . hbsp

Harrmonic Balance Analysis

Transient-Aided Options

Run transienty ([Decide autarnatically n

Detect Steady State v Stop Timeitstab) | auto
ISave Initial Transient Results (saveinit) — no M yeg I
[ Dynamic Parameter ]
Tones ‘— Freguencies| ® MNames
Tones
# Name Expr Walue Mxham Ovsap Tstab Srecld

auto 3
2 frfz frfz QZAM 3 1 no RF

fri1 fri1 JEAEM auto 1 yEes n RF

| Change | |Delete ] LUpdate Frorn Hierarchy |

Freqdivide Ratio far tone with Tstab 1

Harmonics (Default n ]

Accuracy Defadlts (errpreset)

_ conservative ¥ rmoderate _ liberal
[ Cecillatar ]
Sweep |4 L]
LJ; Frequency Wariable? ® no o yes
Wariable n ) -
Wariable Mame prf
l;- Select Desizgn Yariable .j
Sweep Range
. 5 _
‘& Start-Stop Start | _sg Stap 28
. Center-5pan
Sweep Type
‘' Logarithrmic ' Mumber of Steps
ml Cancel J(_Defsults J(_Apply JI_ Help )
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22. Click Apply.

23. Viewthe Design Variables section in ADE Explorer. Verify that your frf1 and frf2 values
are 900M and 920M respectively. Your ADE Explorer window should look like the
following:

Figure 2-65 Analog Design Environment Window

Virtuoso® ADE Explorer Editing: ExampleLibRF InaSimple maestro

Launch Session Setup Analyses Variables Outputs Simulation Results Tools EAD Parasitics/LDE Window Help

I¢% g Dz |a 3= & 0 [ G l[reroce  Eivore B T2

| Setup el )_(| & |nasimple [ maestro

Hame | Value | Mame |  Type | Details | Plat | save | Spec

-4} ExampleLibRF:Inasimple:1
%3 Simulator spectre

EI%; Analyses

>  hb frf1 frf253-50-20 5

1% Design Variables
S[@ i1 g00m
C[E iz 920m
S[E prf 20

1 v & Parameters

G v <) Corners

[ |_| Reliability Analyses

[ _® Monte Carlo Sampling
E

H
H| |__| Checks/Asserts

24. Start the simulation by choosing Simulation - Netlist and Run or by clicking the green
arrow icon p on the right side of the simulation window.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logfile). Note the simulation time in the Spectre output logfile.

Total time required for hb analysis ~sweephb-006_hb': CPU = 17 997 ms, elapsed = 49 28779 ms.
Time accumulated: CPU = 232 963 ms, elapsed = 1.02819 s
Pezk resident memory used = 3008 Mbytes. I

Total time required for sweep analysis ~sweephb': CPU = 126 98 ms, elapsed = 48189 ms.

Time accurmulated: CPU = 233,963 ms, elspsed = 1.03305 s.
Pezk resident memory used = 3008 Mbytes.

25. When the analysis has completed, you may iconify the status window.
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26. In ADE Explorer, select Results - Direct Plot - Main Form.
Virtuoso® ADE Explorer Editing: ExampleLibRF InaSimpl

Wzmls EAD Parasitics/LDE  Window Help

B4 |7 Protoutputs b “

ik . Main Form ...
Print ¥ =
_I_T Transient Signal
Annotate ¥ -
Transient Minus DC
Wectar ¥ -

N . Transient sum
Circuit Conditions ... -

Transient Difference

Alternately, you can click the Direct Ploticon from the schematic window.
Virtuoso

o ch File Edit View Create Check Options Window Parasitics/L
@k O X 0T ¢ A
v - & [ =

= T Y ||| Basic —
ERCNERY) Mapd LW IS

Tramciant Cirmal

igator |7

Schematic
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27. The Direct Plot Form is displayed.

Direct Plot Form

Plotting Maode Append n
Analysis

_ tstab &

Function

& Voltage — Current

— Power . Woltage Gain

— Current Gain — Power Gain

— Transconductance . Transimpedance

— Compression Point . IPN Curves

— Power Contours . Reflection Contours
— Power Added Eff. — Power Gain Vs Pout
— Comp.VsPout — Mode Complex Imp.

select (Met n

Sweep

® spectrum o frequency . variable

s Ifft

Signal Level % peak _ rms
Modifier

® Magnitude . Phase — dB20
— Real — Imaginary

Scalar Expression

Walue At (harms)

-50
Variable -45 &
-40 =
Value _35
(prf) -30

an —

Add To Qutputs —

= Select Variable Value (prf) on this form...
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28.
29.
30.
31.
32.

33.
34.
35.
36.

37.

In the Analysis Section, select hb_mt. hb_mt. It refers to multitone harmonic balance.
In the Function Section, select IPN Curves.

Select Net (Specify R). Leave the Resistance set to the default value of 50.

Select Variable Sweep (“prf’) for Circuit Input Power.

Leave Input Power Extrapolation Point (dBm) set to the default (first point in the
sweep which is -50). The extrapolation point is where the ideal curves and the data are
drawn through the same point. Pick an area where the third order curves have a slope of
3.

Select Input Referred IP3.

Select 3rd from the Order drop-down list.
For the 3rd Order Harmonic, select 940M.
For the 1st Order Harmonic, select 900M.

Alternately, you can select 880M and 920M for the third and first order harmonics,
respectively.

Select the out1 node on the right side of the schematic

Figure 2-66 Selecting the out1 Net on the InaSimple Schematic.

The IP3 plot is displayed. Note the IP3 readout.
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Figure 2-67 The IP3 Plot

Eile Edit Wiew Graph Axis Trace Marker WMgasurermnents Tools Window EBrowser Help (éden(e
I -B-E d Smls ¢ % KB X| QQ QW ey BT
|||f’ 12/ B[] subwindows] 1 =|||II] n||| |Data Point IIDDDDD:_J”_:';_J” ._.|||\Classic | »
I ExamplelibRF Inasimple schematic

S10.0

-30.0

Input Referred IP3 = 2.30218

50,0

Power (dBm)

Q0.0

Power = "(50, (foutl)n”
S110.0 ep = 50
Srd Order freq = 940M

e

aam e
-1230.0 Py

T

lst Order freq = 900M

-150.0

-50.0 -46.0 -42.0 -38.0 34 -30.0 26.0

lirnouse L: : E:

20047 | Trace: ipnCurves (trace=1st Order); Context: feerversiscratch3ifkamalfspectrerftestcase 151/RF_Doc_Databasedsimulationdnasi

Note: If you do not see the IP3 readout, click in the graphics area to deselect the marker,
then select and move the Input Referred IP3 readout so that it is positioned in the
visible area of the graph.

Intermodulation products increase at rates that are multiples of the fundamentals. In the
small-signal region, third order terms increase 3dB per dB.

In the above plot, you can see that the circuit is operating within the small signal region.
The third order curve is following a 3dB/dB slope. Note the IP3 measurement. In the next
section, you will compare this to the IP3 measurement using the Rapid IP3 methodology.

38. In the Waveform window, select File - Close All Windows.

39. In ADE Explorer, deselect the hb analysis in the Setup Assistant.
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Figure 2-68 ADE Explorer Setup Assistant
Setup BE0
- 4} ExampleLibRF:InaSimple:1 ‘

> % Simulator spectre

EI% Analyses
.+ hbjg. frfl fif253-50-205

Measuring IP3 with Rapid IP3

1. In ADE Explorer select Analyses - Choose.

The Choosing Analyses form is displayed.
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Figure 2-69 Choosing Analyses Form
Choosing Analyses — ADE Explorer

Analysis — tran o dc & ac — nNoise
o Xxf — SENS — dcmatch . acmatch
— Ssth / pZ - If — Sp
— emvlp o pss — pac — psth
— pnoise . pxf — psp — pss
— qpac — qpnoise . gqpxf — qpsp
— hb — hbac — hbsth — hbnoise
— hbsp — hbxf
AC Analysis

Sweep Variable

® Frequency

— Design Variable

— Temperature

— Component Parameter
— Model Parameter

— MNone

Sweep Range

. -

— Center-5pan

Sweep Type

Automatic n

Add Specific Points

Add Points By File

Specialized Analyses

~
Enabled __ Cptions...
— — 4

m _ Cancel | Defaults | Apply | Help

2. Select ac from the Analysis section.

3. At the bottom of the form, set Specialized Analysis to Rapid IP3. The form expands.
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N o a &

11.
12.
13.
14.
15.

16.

Select port for Source Type.
Select the Input Sources 1 field.
Click the Select button just above that field.

Select the Port source /RF at the left of the schematic.

Figure 2-70 Select Input Port

Press the <Esc> key.

Type 900M in the Freq field to the right of Input Sources 1.

. Type /RF in the Input Sources 2 field. (Alternately, you could select the RF port in the

schematic by first clicking the Select button and then selecting the RF source in the
schematic).

Type 920M in the Freq field the to the right of Input Sources 2.
Type -50 in the Input Power (dBm) field.

Type 940M in the Frequency of IM Output Signal field.

Type 900M in the Frequency of Linear Output Signal field.

Type /out1 in the Out+ field. Because you are leaving the Out- field blank, it will default
to ground.

Leave the rest of the form at their default values. The Choosing Analyses form should
look like the following:
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Figure 2-71 Rapid IP3 AC Analysis Form

AC Analysis
Sweep Yariable
2 Frequency
— Designvariable
— Temperature
— Cormponent Parameter
— Maodel Parameter
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Sweep Hange

& start-Stop
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Sweep Type
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Add Specific Paints [}
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Source Type ® port o isource o wsource
Select Clear
— —
Input Saurces 1 /RF Fregq 9mam
Select Clear
— —
Input Sources 2 /RF Freq azam
Input Power (dBEm) FPower 2 3
Frequency of IM Qutput Signal S4EM
Frequency of Linear Qutput Signal a@aamn
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17. Click OK.
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18. Start the simulation by choosing Simulation - Netlist and Run or by clicking the green
arrow icon » on the right side of the simulation window.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logdfile). Note the simulation time in the Spectre output logdfile.

e

IP3 measurement = ac'
FEFEEEEEEEEIEEE LT EELE
Input RF1 freq = 900 MH=
Input RFZ freq = 920 MH=
Output IM1 freg = 900 MH=
Output IM3 freq = 940 MH=

OC simwlation time: CPU = 0 s, elapsed = 380,993 us.
Linear output:
f out = £ in 1

IM3 ocutput:

fIM3 =2+ f in & - f in 1

Beocunwlated DC solution time = 0 s,

Intrinsic ac analysis time = 20 m=.

Total time required for ac analysis “ac': CPU = 18 998 ms, elapsed = 203,026 ms.
Time accumulated: CPU = 118 981 ms, elapsed = B77. 548 ms.

Peak resident memgry used = 30 Mbytes.

Note that the simulation time is faster than using two tone hb analysis to simulate rapid
IP3.

19. When the analysis has completed, you may iconify the status window.

20. In ADE Explorer, select Results - Direct Plot - Main Form. Alternately, you can press
the Direct Plot icon from the schematic window.

The Direct Plot Form is displayed.
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Figure 2-72 AC Direct Plot Form

Direct Plot Form

Plotting Mode ~ (APpend -]
Analysis
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Function
® Voltage o Current
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m Cancel Help
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21. In the Direct Plot Form, select Rapid IP3. The form changes.
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Figure 2-73 AC Direct Plot Form - Rapid IP3

Direct Plot Form

Plotting Mode ~ /Append ]

Analysis

® ac

Function

. Voltage w Current

_ GD

Resistance (Default is 50.) 58

Add To Outputs | — Plot
S =4 e — 4

> Press plot button on this form...

m Cancel Help
= A=k

22. Leave the rest of the form at the default values. Click Plot. The IP3 plot is displayed.
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Figure 2-74 IP3 Plot Using Rapid IP3
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Note that the value of Rapid IP3 (2.36dBm) is very close to that measured by two toned hb
analysis (2.30dBm). Although simulating using both methods was relatively quick, rapid IP3
was faster.

In this section you measured IP3 on a low noise amplifier using two methods: two tone
harmonic balance and rapid IP3 using AC analysis. Both gave good accuracy but rapid IP3
was faster.
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Summary

The LNA section of Appendix A shows how to simulate and make typical measurements on
a low noise amplifier

In the LNA section, the following measurements were shown:

B S-Parameter Analysis, Gain

m Stability, Stability Circles

B Linear 2 port Noise Figure measurements, Noise Circles

m Third Order Intercept measurement using 2 tone harmonic balance

B Rapid IP3 using specialized ac analysis

For more information on simulating low noise amplifiers, please refer to the chapters in the
Virtuoso Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis

User Guide and the Spectre Circuit Simulator RF Analysis Theory guide.
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3

Simulating Oscillators

Oscillators, which are 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.

You cannot specify the analysis period for autonomous circuits because you do not know the
precise oscillation period in advance of the simulation. Instead, you specify an estimate of the
oscillation period for the simulation. The PSS analysis uses your estimate to compute the

precise period and the periodic solution waveforms.

In the first section of this topic we will concentrate on simulating oscillators as autonomous
circuits using mainly Harmonic Balance (HB) method. In the second section we will simulate
and do measurements on Ring Oscillator using Shooting method.

Note that there are oscillators like injection locked ring oscillators which are simulated as
driven circuits instead of autonomous circuits. However, this class of oscillators will not be

discussed.

You will do the following measurements while doing the Oscillator simulation -

Measurements Analysis
Starting and Stabilizing Feedback Oscillators PSS - HB

Oscillator Loop Gain Measurement

PSS - Shooting, Pstb and stb

Phase Noise Measurement and Noise Summary

Table

HB/HBnNoise

Oscillator Swept Tuning Range and Phase Noise

Measurement

HB/HBnNoise

Ring Oscillator Measurements

Starting and Stabilization of Ring Oscillators

PSS - Shooting/tstab

FM Jitter Measurement using PSS Shooting and

Pnoise Jitter Analyses
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Measurements

Analysis

Calculating the Swept Tuning Range and Phase

Noise for the Ring Oscillator

PSS - Shooting/Pnoise
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Simulation Methods

There are two methods you can use to simulate oscillators using SpectreRF:
®m Harmonic Balance (HB)

B Shooting Newton

The Harmonic Balance method is recommended for simulating mildly-nonlinear oscillators
with resonators, such as LC oscillators and crystal oscillators. Shooting PSS method is
recommended for simulating strongly nonlinear resonatorless oscillators, such as ring
oscillators or relaxation oscillators.

Phases of Autonomous PSS/HB Analysis

A PSS/HB analysis has two or three phases.

1. If the Calculate initial conditions (ic) automatically check box is selected, then after the
DC analysis for the time-zero timepoint has been calculated, the oscillator frequency and
amplitude are estimated. The beginning of the transient analysis in the tstab interval
includes this estimate.

2. Atransient analysis phase to initialize the circuit.
The transient analysis phase is divided into three intervals:

a. A beginning interval that starts at tstart, which is normally 0, and continues through
the onset of periodicity for the independent sources and continues through the
longest delay time of the periodic sources, or the last point in a PWL waveform,
whichever is the longest.

b. A stabilization interval of length tstab

In the hb Choosing Analyses form, you have the option to have Spectre
automatically calculate the length needed for tstab.

For driven circuits, the stabilization interval is optional. For autonomous circuits,
tstab needs to be set to an interval that provides the circuit a good initial condition.

c. Afinal interval that is four times the estimated oscillation period specified in the PSS/
HB Choosing Analyses form. During the final interval, the PSS/HB analysis
monitors the waveforms in the circuit and improves the estimate of the oscillation
period. During this final interval, Spectre looks for frequency divider outputs in the
circuit.

3. A Shooting or Harmonic Balance phase to compute the periodic steady state solution
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During this phase, the circuit is iterated repeatedly over one period. The length of the
period and the initial conditions are modified to find the steady state solution.

See Oscillators and Autonomous PSS Analysis in Spectre Circuit Simulator RFE
Analysis Theory for more information on the autonomous PSS analysis algorithm.

Phase Noise and Oscillators

Oscillators tend to amplify any noise present near the oscillation frequency. The closer the
noise frequency is to the oscillation frequency, the greater the noise 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 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. In addition, 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.

Starting and Stabilizing Feedback Oscillators

To simulate an oscillator using either HB or Shooting PSS analysis, you must first start the
oscillator by supplying either of the following:

1. 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. This is usually done by adding a single
pulse of current that is connected somewhere in the circuit to start the oscillations.

2. A set of initial conditions (ICs) for the components of the oscillator’s resonator.

3. For LC and High Q oscillators, you can select the Calculate initial conditions (ic)
automatically checkbox in the Choosing Analyses form instead of providing any
stimulus or initial condition (ic).

This setting tells Spectre to do a variation of the linear stability analysis just before the
beginning of the tstab interval. It provides a good estimate of the oscillation frequency
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amplitude and phase at the beginning of the tstab interval. With a start that is very close,
convergence is much easier.

Note that when you set this option then ICs (initial conditions) are automatically ignored.

Regardless of which technique you use to start the oscillator, allow the oscillator to run long
enough to stabilize before you start the HB or Shooting phase and compute the steady state
solution. Adjust the tstab parameter to supply the additional stabilization period. High Q
oscillators often need a longer tstab. For extremely high Q circuits, you may need to set tstab
to about 50K to 200K periods of oscillation with the default method. However, when setting
Calculate initial conditions (ic) automatically option you may reduce it to just 10 periods.

In HB, if you set Run transient to Decide automatically then you do not need to provide any
tstab value and the simulator automatically decides how long to run the transient analysis to
compute the steady state solution. Also, in HB, while setting the tstab value, you can select
the Detect Steady State checkbox if you want the transient analysis to stop automatically as
soon as the steady state is reached rather than runningthe transient analysis for the whole
tstab value.

It is recommended to save the initial transient simulation results. This can be done by setting
the Save Initial Transient Results (saveinit) option to yes. You can use this to verify that
the oscillator has started up and is stable.

See Oscillators and Autonomous PSS Analysis in the Spectre Circuit Simulator RF
Analysis Theory for more information on oscillator simulation. In addition to this you may
also refer to Spectre Circuit Simulator and Accelerated Parallel Simulator RF
Analysis User Guide.

The Oscillator Circuit

This example computes the periodic steady state solution and the phase noise for the RF
oscillator circuit, as shown in Figure 3-1.
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Figure 3-1 Schematic for the Oscillator Circuit oscillator_ckt
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Setting Up to Simulate the Oscillator Circuit

Opening the Oscillator Circuit in the Schematic Window

1. In the Command Interpreter Window (CIW), choose File — Open.

Figure 3-2 Virtuoso CIW Window - Opening Cellview
Virtuoso® 6.1.8-64b - Log: ftmp/CDNS_jommy.log

MIDDIS Options  Help cadence
New p ftory: “Sservers/scratch30g/ jommy/adeTest
F_Doc_Database/share/gpdk180_v3.3/1ib: T

Cpen... not exist

- in libFile 'Jfservers/scratch50g/jommy/adeTest =
Import ¥ }F_Doc_Database/cds.lib' for Lib 'substratelib'. =
Export » —
Refresh... m -
Make Read Only... mn Y
Bookmarks ¥ D|

The Open File form is displayed.

Select ExampleLibRF from the Library drop-down list.
In the Cells list box, choose oscillator_ckt.

Select schematic from the View drop-down list.

In the Application section, select Schematic-L from the Open with drop-down list.

o a » 0N

Leave Open Forto edit (which is set by default).
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Figure 3-3 Open File Form to open the oscillator_ckt cell’s Schematic View

Open File
File
. Cells
Librar ExampleLibRF
e = 4_inv_tb1
Cell oscillator_ckt DIFF_INV
INV
. : RC_Oscillateor
View Schematic ﬂ WC_Ring_Osc_Diff
Type schematic cascode
db_mixer
Browse db_mixer_xmit
. A invlx
Inasimple
Application opamp
Ech T oscillator_ckt
Open with schernatics L sh_fet_test
— Always use this application for this type of file

Cpen for & adit

— read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds . lib

7. Click OK to close the Open File form.

8. This will open oscillator_ckt schematic in Virtuoso Schematic Editor L window, as
shown below.
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Figure 3-4 oscillator_ckt schematic in VSE-L Window
Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt sche

Launch Hle Edit View Create Check Options Window Help

= 0 WX OT o ¢ R-T-Z-F-|QQQEPS 11
- W - Basic BE @ %A Iy | T E [ -

| Navigator irdll=) X|

‘ Instances
oscillator_ckt

Q B-

MName K
| osdllater_ckt
@ co [cap)
C1icap)

C3 icap)
C4 icap)
e icap)
C7 icap)
C8 icap)
D0 (diode)
IPREO (iprobe)
L0 (ind)
L1 (ind)
Q0 (npn)
RO (res)

E -

-
-
-
-
-
-
-
-
-
-
-
-
-

This example computes the periodic steady state solution for the oscillator_ckt RF oscillator
circuit. You perform a PSS-HB or HB analysis first because the periodic steady state solution
must be determined before you can perform any other periodic small-signal analysis like pstb
or hbnoise etc. to determine the stability or phase noise.

Setting up ADE Explorer for Oscillator Simulation

1. In the Schematic Window, choose Launch - ADE Explorer.
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Figure 3-5 Opening ADE Explorer from VSE L window
Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematii
File Edit View Create Check Options Window Help

ADEL it

s j | T oy = = —— ( y
| ApEx Lo X O T, ¢ BT ~=z~=~|d & &

| AOEGHL Basic = @R

ﬂ ADE Explorer

ADE Assembler
Layaut XL
Layout GXL
Layout EAD
Schematics L

Schematics XL

Pcell IDE
Power Manager

Plugins L

2. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.
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Figure 3-6 Create new ADE Explorer view

Create new ADE Explorer view

File

Library ExamplelibRF =
Cell oscillator_ckt ]
WView masstro

Ty maestro )

Application

Open with ADE Explorer

— Always use this application for this type of file

Library path file
'spectreRFtestcase/RF_Doc_Databasescds.lib

Openin ® newtab _ currenttab o new window

3. Leave each option to the default selections and click OK.

The Virtuoso ADE Explorer window is displayed, as shown below:
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Figure 3-7 Virtuoso ADE Explorer Window

Virtueso® ADE Explorer Editing: ExampleLibRF oscillator_ckt maestro |
Launch Session Setup Analyses Variables Qutputs Simulation Results Tools Parasitics/LDE  Help cadence
» = i = CI— iy Fay — = [
It e Eli-> a8 o 0I5 lke- B |
| Setup =S X| & oscillator_ckt [® maestro % il
43
-4 ExampleLibRF:oscillator_cki:1 Name | Type | Details o | = | e | = | &
%3 Simulator spectre @
(=] %3 Analyses {
G
EI& Design Variables x
> viune 1.5
B v @& Parameters
(v ‘Jﬂ Corners u
1 _| @ Monte CarloSampling Ii
[ |_| Checks/Asserts
J
limouse L: M: R:
1(3] | > | ExamplelibRF oscillator_ckt schematic | Simulator: spectre  Interactive J|

4. Choose Setup — Simulator in ADE Explorer.
The Choosing Simulator form appears.

5. Choose spectre for the Simulator.

Figure 3-8 Choosing Simulator Form

Choosing Simulator — ADE Explorer

6. Click OK.
7. Set up the High Performance Simulation Options.

In the ADE window, choose Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed.

In the High Performance Simulation Options window, select APS. Note that Auto is
selected for Multithreading options. The effect of this is to detect the number of cores
on the system (up to 16) and then multi-thread on all the available cores. Usually, it is
better to specify the number of threads yourself. Small circuits should use a small
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number of threads, and larger circuits can use more threads. The overhead of managing
16 threads on a smaller circuit may actually slow the simulation down, compared to two
or four threads. Use the number of threads that maximizes the performance.

Figure 3-9 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Mode / Spectre & Spectre X o XPSMS

General

Accuracy + Speed
Error Preset: ® Donotoverride . Liberal . Moderate . Conservative

APS Options

Use ++aps: -

Multi-Threading

& Auto o Disable o Manual t Thread

Post-Layout Settings
Enable Post-Layout Optimization: -

Instance Preservation: 2 MNone o Selected

m _ Lancel | Defaults | Apply | Help

8. Click OK.
9. Select Outputs — Save All.

The Save Options form is displayed, as shown below.
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Figure 3-10 Save Options Form

Save Options

Basic | Save By Subckt
Save Options —
Select signals to output (save) none __ selected _ Wlpub _ Il # allpub _ all
Select power signals to output (pwr) none __ total __ devices __ subckts __ all
Set level of subcircuit to output inestlvl)
Select device currents (currents) __ selected __ nonlinear __ all __ none
Select AC terminal currents (useprobes) _yes _ no
Set probe terminal level (probelvl)
Select AHDL variables (saveahdlvars) _ selected __ all
Transient Time Window Options
_ Transient time window save options [ime Setup
L
Save circuit information analysis
Harne | What | wnere File Extremes Others | Enabled|
modelParameter maodels rawfile I
element inst rawfile v
outputParameter output rawfile v
designParamVals parameters rawfile ~
primitives primitives rawfile o
subckts subckts rawfile I
asserts assert rawfile el
extremeinfo all logfile yes el
<Click_To_Add= none rawfile d
Detail: (02de ! Sort \name Threshold
Cutput Options
Output Format _ sst2 _ psf _ psfwithfloats o psfxl _ fsdb |
Use Fast Viewing Extensions L —
1

[ o JE

Defaults

. Apply . Help

10. In the Select signals to output section, ensure allpub is highlighted.

This is the default which saves all node voltages at all levels of hierarchy, but it does not
include the node voltages inside the device models.

11. To save the currents, choose nonlinear for the Select device currents (currents)

option, if you just want to save the device currents, or choose all if you want to save all
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the currents in the circuit. When you save the currents, more disk space is required for

the results file.
12. Click OK.
13. Select Setup - Simulation Files.

The Simulation Files Setup form is displayed.

Figure 3-11 Simulation Files Setup Form

spectrel: Simulation Files Setup

esé Vector Files

|Files/Paths
E} Include Paths

Options

i e __|<Click here to add a path=
[}- Deﬁnltlon Files
<Click here to add a file>
[:I 5t|mu|us Files
H <Click here to add a file=
[:I Parasmc Files [DSPF)

<Click here to add a file=
[:I Parasmc Files (SPEF)

<Click here to add a file=
I:I PSplce Files
“ __|=Click here to add a path=

[ ox Jeems

_ARRlY

Help

14. Select ./ by clicking in the Include Paths section.

15. Click OK to close the Simulation Files Setup form.
16. In ADE Explorer, select Setup — Model Libraries
The Model Library Setup form is displayed.

17.
models/modelsRF.scs.
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Figure 3-12 Model Library Setup Form
spectrel: Model Library Setup

|Madel File Section
E}- Global Model Files
i~ o | models/modelsRF.scs |l
- sharefgpdk180_v3 3fmodelsfspectrefgpdk scs

-E =Click here to add model file> _

Cancel . Apply , _ Help

You can also browse to modelsRF.scs file.

18. Click OK.

Calculating the Steady-State Solution using PSS
Harmonic Balance

In this very first measurement, you will set up the PSS analysis and then determine the
oscillation frequency of the oscillator. You will use the Harmonic Balance Engine in the PSS
Analysis. You can also use hb analysis directly. Here, we have chosen PSS analysis with
Harmonic Balance Engine because you will perform pstb analysis in the next measurement.
Since there is no corresponding hbstb analysis available for hb analysis, this setup is done.

Setting up the PSS Analysis
1. Select Analyses —> Choose in the Virtuoso Analog Design Environment window.

The Choosing Analyses form is displayed, as shown below.
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Figure 3-13 The Choosing Analyses Form
Choosing Analyses — ADE Explorer

Analysis ® tran — dc — ac — hoise
s XF — SENS — dcmatch . acmatch
— Ssth / pZ - If — Sp
— emvlp o pss — pac — psth
— pnoise . pxf — psp — pss
— qpac — qpnoise . gqpxf — qpsp
— hb — hbac — hbstb — hbnoise
— hbsp — hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

_ Transient Noise

Dynamic Parameter

Enabled __ Cptions...
— — 4

m _ Cancel | Defaults | Apply | Help

a. Select pss as Analysis. The form expands.
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Figure 3-14 The Choosing Analyses Form- Setting PSS Analysis

— envip & pss — pac — pstb

— pnoise . pxf — psp — Opss

— Qpac — Qpnoise . qpxf — Opsp

— hb — hbac — hbsth — hbnoise
— hbsp — hbxf

Periodic Steady State Analysis

Engine — Shooting ® Harmonic Balance
Tones
IName Expr Value srcld
Beat Frequency Auto Calculate  _

Cwersample Factor

Mumber of Harmonics

Accuracy Defaults (errpreset)

__ conservative __ moderate __ liberal

Convergence

Additional Time for Transient-Aided HB (tstab)

Save Initial Transient Results (saveinit) — na __ yes

Harmaonic Balance Homotopy Method default n

Dynamic Parameter

Oscillator i
Sweep e
Mew Initial Value For Each Point (restart) — na __ yes
Loadpull J
Enabled « Options...

m _ Cancel | Defaults /| Apply ;| Help

b. Select Harmonic Balance as Engine.
c. Inthe Beat Frequency field, type 1.9G. The frequency entered here is an
approximate frequency of oscillation.
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d. Leave Oversample Factor (oversamplefactor) blank, which means that the
Oversample Factor is equal to 1. Since the oscillator has sinusoidal waveforms, an
oversample of 1 is appropriate.

e. Inthe Number of harmonics field, type 15.

In general, you want to choose a number that is high enough to capture the
nonlinearity of the circuit. Start with 10, and run the simulation. Increase by about
50% to 15 and re-run the simulation. If the harmonics do not change appreciably,
then 10 is enough. If they change, increase the number again by about 50%. Use
the smallest number of harmonics for the answer to be stable.

f. Inthe Accuracy Defaults (errpreset) section, select conservative. conservative is
typically used because very small amplitude phase noise measurements are
normally desired. Conservative is recommended for all the oscillators.

g- Type 5nin the Additional Time for Transient-Aided HB (tstab) field. tstab is typically
set to about 10 to 20 periods of the oscillation frequency when the Calculate initial
conditions (ic) automatically checkbox is selected.

h. Select yes for Save Initial Transient Results. This will help in visualizing the
buildup of the oscillation waveform.

i. Leave the Harmonic Balance Homotopy Method as default which is tone.
HbHomotopy (hbhomotopy) is one of the HB Convergence Options which helps in
the convergence of the simulation of circuit.

You can refer to the earlier chapters for more details.

j- Select Oscillator. This is required for simulating an autonomous circuit.

Figure 3-15 The Choosing Analyses Form - Oscillator Section

i W
veclllams — Oscillator node+ || | Select

Oscillator node- Select
|

¥ Calculate initial conditions (ic) autornatically
— Enable tuning mode analysis

_— Usethe probe-based salution methad

k. Inthe Oscillator node field, click Select just to the right. In the schematic, select the
collector node. This oscillator node will be used by the simulator for the period
calculation of the oscillations. It just needs to be a node that has the oscillator signal
on it.
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Figure 3-16 Selecting collector net on oscillator_ckt schematic

- C Ij [l E‘ ct I:f;- r -

~ "NPNupper”

I. If you have an LC oscillator, leave the Calculate initial conditions (ic) automatically
checkbox selected (this is the default).

Note that Calculate initial conditions (ic) automatically is used to start the oscillator.
Other methods to start the oscillator include putting a single current pulse into the
resonator, setting initial conditions(ic), or ramping up the power at time = zero plus.
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Figure 3-17 Choosing Analyses Form - PSS-Harmonic Balance Setup

Engine - Shnotingl ® Harmonic E-alanu:el
Tones
Name Expr Value Srcld
Beat Frequency 1.96 Auto Calculate

Oversample Factor

Number of Harmonics 15

Accuracy Defaults (errpreset)

Convergence
Additional Time for Transient-Aided HB (tstab) 5n

Save Initial Transient Results (saveinit) - nn
Harmonic Balance Homotopy Method default B

Dynamic Parameter

i W .
Oscillator ¥ Oscillator node+ fcollector kSeIect_’
Oscillator node- Select
p -
| & (Calculate initial conditions{ic)automatically
— Enable tuning mode analysis
— Use the probe-based solution method
Sweep -
MNew Initial Value For Each Point (restart) L Mo | yes
Loadpull J
Enabled Options...
— —

m . Lancel  Defaults | Apply | Help

Now click OK to close the Choosing Analyses Form and add the pss analysis in the
Analyses section of ADE Explorer as shown below:
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Figure 3-18 ADE Explorer Simulation Window - PSS Analysis

Virtucso® ADE Explorer Edtting: ExampleLibRF oscillator ckt maestro |

Launch Session  Setup Amalyses VMariables QOutputs Simulation Results Tools Parasitics/LDE  Help Céden(e

=== NSRS =N = =N (= - 7

| Setup = X| & oscillator_ckt [ maestro  x

-4} ExampleLibRF:oscillator_cki:1 Name | Type | Details Value | Hot| Sa\re| Spec |
%3 Simulator spectre

[—_'I%; Analyses

L‘i] & Design Variables

= vtune 1.5

H 1& Parameters

H | ‘—"ﬂ Corners

H _| '@ Monte Carlo Sampling
H| |_| Checks/Asserts

F-vx’é‘“@gazm

[ B o B

i)

nmaouse L: M: R:

B3 > ExamipleLibRF oscillator_ckt schematic | Simulator: spectre  Interactive J|

Running the PSS analysis

Once finished setting up the PSS analysis click the green icon a on the right hand side of
the ADE Explorer window or on the Schematic window to run the simulation.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logfile). When the analysis has completed, you may iconify the status
window.

Next, you will plot the results.

Plotting the PSS Analysis Results

In ADE Explorer, select Results - Direct Plot - Main Form. The Direct Plot Form window is
displayed.
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Figure 3-19 The Direct Plot Form Window

Direct Plot Form

Platting Mode Append n
Analysis

® pss _ tstab

Function

® Voltage — Current

— Power — Voltage Gain

— Current Gain — Power Gain

— Transconductance — Transimpedance
— Compression Point — IPM Curves

— Power Contours — Reflection Contours
— Harmonic Frequency . Power Added Eff.
— Power GainVsPout . Comp. Vs Pout

— Mode Complex Imp. . THD

Select (Met n

Sweep

® spectrum _ time

Signal Level ® peak _ rms
Modifier

® Magnitude _ Phase — dB20
— Real — lmaginary

Scalar Expression

Value At (harms)

Add To Outputs —

= Select Net on schematic...
Plot the oscillator startup waveform from tstab run.
1. In the Direct Plot Form window, select tstab in the Analysis section.
2. Leave Function as PSS Transient V which is set by default.

3. Select Netin the center of the form. (This is the default. You can also select differential
nets).
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4. The Direct Plot Form window should look like the following:

Figure 3-20 PSS Analysis Direct Plot Setup - Initial Transient

Direct Plot Form

Plotting Mode Append ﬂ
Analysis

— pss|® tstab:

Function

® PSS TransientV . P55 Transient|

Select |MEL n

Add To Outputs —

= Select Met on schematic...

5. Select the collector net in the schematic. It is located just below the collector label.

Figure 3-21 Selecting collector net on oscillator_ckt schematic

_.-'- ”H_F] il LI == -E' P -

emit

The waveform window is displayed.
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Figure 3-22 PSS Analysis - Initial Startup Waveform during tstab interval

I —
Eile Edit Wiew Graph Axis Trace Marker Measurements Tools Window Browser Help (aﬂence

®-F-0 d Smlo ¢ % 0K X o [y 2
,ﬁ :_/’ % DD Sul:uwindu:uws:x 1 n n] ﬂ » i JCIassic n»

i ExarnpleLibRF oscillator_ckt schem...

Periodic Steady-State Analysiz “pss' estimated fund = 1.9 GHz

e |

|

4.0
time ns)

25(5T) | plot new graph subwindow J

This plot shows how the initial startup waveform for oscillator gets build up during the tstab
interval. Note that the oscillator starts up immediately after time zero. This is because the
calculate initial conditions was automatically set in the Choosing Analyses form.

Next you will plot the oscillator output spectrum

Plot the oscillator spectral content, as follows:

1. In the Direct Plot Form window, set the Plotting Mode to New Win.
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2. Select pss as Analysis.

3. Leave Function as Voltage, which is set by default.

4. Leave the Select section of the form set to the default value, Net (You can also select
differential nets).
5. Select Sweep as spectrum. (This is the default)
6. Select rms as Signal Level (the default is peak).
7. Select dB20 as Modifier.
8. Your Direct Plot Form window should like the following:
September 2023 130 Product Version 23.1

© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in

ADE Explorer Workshop

Figure 3-23 PSS Analysis Direct Plot Form Setup

Direct Plot Form

Plotting Mode New Win
Analysis

® pss| . tstab

Function

— Power

— Current Gain

— Transconductance
— Compression Point
. Power Contours

— Harmonic Frequency
. Power Gain Vs Pout

— Mode Complex Imp.

Select (Met

Sweep

Current

Voltage Gain
Power Gain
Transimpedance

IPM Curves

Reflection Contours

Power Added Eff.
Comp. Vs Pout
THD

Signal Level — peak

Modifier

— Magnitude . Phase

— Real — lmaginary

Scalar Expression

Value At (harms)

Add To Outputs  —
= -4

= Select Net on schematic.

[Replot |

Close N

Help »

9. Select the collector net in the schematic. It is located just below the collector label.
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Figure 3-24 Selecting collector net on oscillator_ckt schematic

emitt

The waveform window is displayed, as shown below.

Figure 3-25 PSS Analysis output Graph Window - Voltage Spectrum Plot

File Edit Miew Graph Axis Trace Marker Measurerments Tools Window  Browser s (éden(e
IF-B-od &mls ¢ % LB X |0 2 rormiy [
I+ &7 3 00 suvwingowsi 1 [l A | >l I [lasssc BB >

L1 ExarmnpleLibRF oscillator_ckt schem...

Periodic Steadw State Respornse

MZ22: 1.8332GHz 7.3278

20,0 24,0

irnouse L: h1: R:
31067 | Trace:w fcallector; pss dBE20iY); Context: feerversiscratch3/kamalfspectrerftestcase151/RF_Doc_Databasy
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10. In the waveform window, position your cursor near the first harmonic, and press the ‘m’
key. Here ‘m’ is the bindkey to place a trace marker on the graph. The first harmonic is
chosen as this is the frequency oscillator is designed for.

Note that this frequency is 1.833GHz. This is the frequency of oscillation.
11. In the Direct Plot Form, click Cancel.
12. In the ViVA window, choose File - Close All Windows.
13. Clean up the screen for the next set of measurements.
14. Close the Analog Design Environment window by selecting Session - Quit.

15. In the Schematic window, choose File - Close.

To summarize, a PSS analysis using Harmonic Balance was setup and simulation was run to
determine the oscillation frequency of the oscillator. Next an Oscillator Loop Gain
measurement will be performed.

Oscillator Loop Gain Measurement

Oscillator loop gain measurements are typically made with a combination of linear stability
(stb), Harmonic Balance (hb), and HBSTB (hbstb) analyses. The hb analysis solves for one
period of the settled time-domain waveform. Stability Analysis (stb) allows the measurement
of the loop gain and phase. This is quite useful for the design of the feedback network. Note
that, stb analysis is a linear analysis and therefore does not take non-linearities of the circuit
into account. However, it gives an approximate value of loop gain magnitude and phase and
is faster to run. In order to get more accurate values of loop gain and phase of periodically
time-varying non-linear circuits, you need to run hbstb analysis. The harmonic balance
stability analysis (hbstb) evaluates the local stability of a periodically time-varying feedback
circuit. It is a small-signal analysis, like stb analysis, except that the circuit is first linearized
about a periodically varying operating point (determined using hb analysis) as opposed to a
simple DC operating point (which is used in stb analysis). Linearizing about a periodically
time-varying operating point allows the stability evaluation to include the effect of the time-
varying operating point.

Opening the Oscillator Circuit in the Schematic Window

1. In the Command Interpreter Window (CIW), choose File — Open.
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Figure 3-26 Virtuoso CIW Window - Opening Cellview

Virtuose® 6.1.8-64b - Log: /homefjommy/CD5.log |

m Tools Options Help cadence
[ i T TS e —

New ] ’ i ! g * J .

Import r =
Export » |
| Refresh ::l
Make Read Only M —7
Eooltmdrl-c; ¥ !__;

The Open File form is displayed.

Select ExampleLibRF from the Library drop-down list.

In the Cells field, type oscillator_ckt.

Choose schematic from the View drop-down list.

In the Application section, select Schematics L from the Open With drop-down list.

Leave Open forto Edit (which is set by default).

Figure 3-27 Open File Form to open the oscillator_ckt cell’s Schematic View

Open File
File
. Cells
Librar ExamplelibRF
e : 4_inv_tbl
Cell oscillater_ckt DIFF_INV M
INV
- i RC_Oscillator
View _schernatu: n VC_Ring_Osc_Diff
Type schematic cascode
db_mixer =
Browse db_mixer_xmit
—— invlx
InaSimple
Application opamp
Sch ice L oscillator_ckt
= R cnematics n sh_Tet_test
— Always use this application for this type of file

Open for ® edit . read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Databasescds . lib
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7. Once all the setup is done, click OK.

This will open the oscillator_ckt schematic in Virtuoso Schematic Editor L window, as
shown below:

Figure 3-28 oscillator_ckt schematic in VSE L Window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic |
Launch Fle Edit View Create Check Options Window Help cadence

ER = & 0 M@ x 0 T ¢ R-T-B-EQ Q QF|MLLEE

. ':1{}’]&'@% ..

| Navigator == >

< Instances
oscillator_ckt

Q -
Name Ly
\  osdllator_ckt
@ <o cap) T E R BRSO OB e BRE B BRSO BB ER B E S S
1 (cap)
@) 3 (eap)
2) ¢4 (cap)
&) €6 (cap)
@ 7 cap)
2) C8 (cap)
- (Z) DO (diode)
“) IPREO fiprobe)
°) LO(ind)
(@) L1 (ind)
Q0 inpn)
: RO (res)

h

| Property Editor 2.8 x]

mouse L: schSingle SelectPt()

M: hiZ comRelativeScale (get Curre ntWind ow() 1.25) R: schHiMouse PopUp()

12| = cma: setro [

Setting up the stb Analysis

1. In the Schematic Window, choose Launch - ADE Explorer.
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Figure 3-29 Opening ADE Explorer window from VSE window

File Edit View

Create

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic

Check Options Window Help

ADE L
| ApExL

| ADE GXL

[| ADE Explorer

ADE Assembler
Layout XL
Layout GXL
Layout EAD
Schematics L

Schematics XL

Pcell IDE
Power Manager

Plugins

s - —— o

e BT ~=~= v||\
T T T T T

i X O T

b=, ool i
= T T s
T |

S

2. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.
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Figure 3-30 Create new ADE Explorer view

Create new ADE Explorer view

File

Library ExampleLibRF B
Cell oscillator_ckt l
Wiew maestro

Type maestro y

Application

Open with ADE Explorer

__ Always use this application for this type of file

Library path file
'spectreRFtestcases/RF_Doc_Databasescds.lib

Openin @ newtab _ currenttab o newwindow

3. Leave each option to the default selections and click OK.

Virtuoso ADE Explorer is opened, as shown below.
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Figure 3-31 ADE Explorer

Virtuoso® ADE Explorer EdRting: ExamplelibRF oscillator_ckt maestro |

Launch Session Setup Analyses Variables Outputs Simulation Results Tools Parasitics/LDE  Help Céﬂel'l(e

I=F=R% N SEE == 2N R - 57

| Setup 7a X| & oscillator_ckt E maestro %

FRE "l

-4 ExampleLibRF:oscillator_ckt:1 Mame | Type | Details Value | Plot | Save | Spec |
% Simulator spectre

[TJ % Analyses

Bl Design Variables
= viune 1.5

v & Parameters

v <] Corners

_|''® Monte Carlo Sampling
Checks/Asserts

FavX>{

[E2]
[&2]
H
[E2]

3
nmouse L M R:

131 | > ExamplelibRF oscillator_ckt schematic | Simulator: spectre  Interactive J|

4. Select Setup — Simulator.
The Choosing Simulator form is displayed.

5. Select spectre for the Simulator.

Figure 3-32 Choosing Simulator Form

@D et sppy o Hep
6. Click OK.

7. Select Setup - High Performance Simulation. The High Performance Simulation
Options window is displayed.

In the High Performance Simulation Options window, select APS. Note that Auto is
selected for Multithreading options. The effect of this is to detect the number of cores
on the system (up to 16) and then multi-thread on all the available cores. Usually it is
better to specify the number of threads yourself. Small circuits should use a small
number of threads, and larger circuits can use more threads. The overhead of managing
16 threads on a smaller circuit may actually slow the simulation down, compared to two
or four threads. Use the number of threads that maximizes the performance.
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Figure 3-33 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Mode

General

Accuracy + Speed

Error Preset: .

APS Options

Use ++aps: e

Multi-Threading

% Auto o Disable o Manual

Post-Layout Settings

Enable Post-Layout Optimization:

Instance Preservation:
elected Instances

8. Click OK.
9. Select Outputs — Save All.

& Do not override

Liberal . Moderate . Conservative
# Threads

® Default High Precision Analog Ultra Precision Analog

Legacy RCR Legacy-RF RCR
® Mone o Selected

|lect Clear
Nane Ie
m Cancel Defaults Apply Help

The Save Options form is displayed.

10. In the Select signals to output (save) section, make sure that allpub is selected.

September 2023
© 1990-2023

Product Version 23.1
All Rights Reserved.

139



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Figure 3-34 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —
Select signals to output {save) _ none __ selected _ lvlpub _ v ¥ allpub __ all
Select power signals to output (pwr) __ none __ total __ devices __ subckts __ all
Set level of subcircuit to output (nestivl}
Select device currents (currents) __ selected __ nenlinear __ all __ none
Select AC terminal currentsuseprobes) _ yes _ no
Set probe terminal level (probelvl)
Select AHDL variables (saveahdlvars) __ selected __ all
Transient Time Window Options
__ Transient time window save options Ijime Setup
Save circuit information analysis
MHame | What Where File Extremes Others |Enab|ed|
modelParameter models rawfile I
element inst rawfile I
outputParameter output rawfile I
designParamVals parameters rawfile I
primitives primitives rawfile I
subckts subckts rawfile I
asserts assert rawfile w
extremeinfo all logfile yes w
<Click_To_Add= naone rawfile el
Detail: (nede Sort; (name Threshold
: \ J \
Output Options
Output Format _ sst2 __ psf _ psfwith floats & psfxl _ fsdb I
Use Fast Viewing Extensions L —
r i - |
m Cancel Defaults Apply Help

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.
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To save the currents, use the Select device currents (currents) option, and select
nonlinear if you just want to save the device currents, or all if you want to save all the
currents in the circuit. When you save currents, more disk space is required for the

results file.
11. Click OK.
12. Select Setup - Simulation Files.

The Simulation Files Setup form is displayed.

13. In the Simulation Files Setup form, enter ./ by clicking in the Include Paths section. It

should look like the following:

Figure 3-35 Simulation Files Setup Form

spectrel: Simulation Files Setup

|Files/Paths
E] Include Paths

: __ =Click here to add a path>
[} Definition Files
__=Click here to add a file=
[} Stimulus Files
__=Click here to add a file=
[} Parasitic Files (DSPF)
__=Click here to add a file=
[} Parasitic Files (SPEF)
__=Click here to add a file=
[1- PSpice Files

L] _|<Click heretoadda path=

|Options |

[ ox JUE

_Apply . Help

14. Click OK to close the Simulation Files Setup form.
15. Select Setup — Model Libraries.
The Model Library Setup form is displayed.

16. In the Model File field, type the path to the model file including the file name, as shown

below.
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models/modelsRF.scs

Figure 3-36 Model Library Setup Form

=] spectrel: Model Library Setup |34
|Model File Section |
- Global Model Files o
i o | models/modelsRF.scs T
- sharefgpdk180_v3 3/models/spectrefgpdk scs
_
-E <Click here to add mode| file= .
78
=
#
=
Cancel Apply Help
You can also browse to modelsRF.scs file.
17. Click OK.
18. Select Analyses - Choose.
The Choosing Analyses form is displayed, as shown below.
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Figure 3-37 The Choosing Analyses Form

Choosing Analyses — ADE Explorer

Analysis % tran s dC . ac
s XF s SENS — dcrmatch
— Sth ' PZ o T
— emvip . pss — pac
— pnoise . pxf — psp
w Qpac — Qpnoise . qpxf
— hb — hbac — hbstb
— hbsp  hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

__ Transient Noise

Dynamic Parameter

Enabled

noise
acmatch
sp

psth
qpss
qpsp
hbnoise

Options...
. Fl -

m Cancel Defaults Apply Help

19. In the Analysis section, select stb.
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Figure 3-38 The Choosing Analyses Form - stb Analysis Setup

Analysis -

(™

Choosing Analyses — ADE Explorer

tran

xf

sth
envip
pnoise
gpac
hb
hbsp

Sweep Variable

Frequency

Design Variable

Temperature

Component Parameter

Model Parameter

MNane

Sweep Range

Start-Stop

— Center-5pan

Sweep Type

Automatic

Add Specific Points

Add Points By File

dc
sens
pz

pss

pxf
qpnoise
hbac
hbxf

ac
dcmatch
If

pac

Psp

qpxf
hbstb

Stability Analysis

Probe Instance/Terminal

Local Ground Mame

Enabled __

o Jen

noise
acrmatch
sp

psth
qpss
qpsp

hbnoise

Select

Select

Options...

_ Defaults | Apply | Help

20. Type 1m in the Start Field. Note the lower case m. This means the start frequency is

0.001

Hz.

21. Type 1T in the Stop field. This will set the stop frequency to 1 THz.
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The frequency range is deliberately set very wide in order to detect potential parasitic
oscillation modes.

22. Select Logarithmic sweep.

23. Type 100 for Points per Decade. The frequency coverage is set to be very dense as
this analysis runs quickly.

24. Click Select to the right of the Probe Instance/Terminal field.

25. In the schematic, click the instance that looks like an analog meter in the center of the
circuit. This is an iprobe from analogLib.

Note: To use stability analysis, either an iprobe or a vdc set to 0 Volts needs to be added
in series with the feedback path. In this case, an iprobe is used. The current probe and
the vdc source both have zero resistance. Because of this the loading in the loop is
maintained. In the past, the AC part of the loading had to be broken in order to get a loop
gain measurement. For a differential circuit, use diffstbprobe from analogLib.

Your Choosing Analyses form should look like this:
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Figure 3-39 Choosing Analyses Form - stb Analysis Setup

Choosing Analyses — ADE Explorer

Analysis — tran — dc
o uf i/ SENS
% sth / P2z
— emvlp o pss
— pnoise o pxf
— Qpac — Qpnoise
— hb — hbac
— hbsp — hbxf

ac
dcrmatch
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pac

Psp

qpxf
hbsth

Stability Analysis

Sweep Variable

(™

Frequency

— Design Variable

— Temperature

— Component Parameter
— Model Parameter

— Mone

Sweep Range

noise
acmatch
sp

psth
qpss
qpsp

hbnoise

m

— Center-5pan

Stop

Sweep Type |

% Points Per Decade

Logarithmic n

Add Specific Points

Add Points By File

— Mumber of Steps

100

Probe Instance/Terminal  /IPREOD

Local Ground Mame

Enabled

o Y

Options...
e p -

_ Defaults | Apply /| Help

Click Apply at the bottom of the Choosing Analyses form. This will add the stb analysis
in the Analyses section of ADE Explorer, as shown below:
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Figure 3-40 ADE Explorer Simulation Window - stb analysis setup

Virtuoso® ADE Explorer Editing: ExampleLibRF db_mixer xr
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g

Setting up the HB Analysis

1. Select hb as Analysis. The form expands.
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Figure 3-41 The Choosing Analyses Form - Setting HB Analysis

— gqpnoise o gp«f o gpsp
— hbac — hbstb . hbnoise
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2. Leave the Run transient option to the default value of Decide Automatically.
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3. Select yesfor Save Initial Transient Results (savinit). This will help in visualizing the
buildup of the oscillator waveform.

4. In the Fundamental Frequency field, type 1. 9G. The frequency entered here is an
approximate frequency of oscillation.

5. Inthe Number of harmonics field, type 15.

In general, you want to choose a number that is high enough to capture the nonlinearity
of the circuit. Start with 10, and run the simulation. Increase by about 50% to 15 and re-
run the simulation. If the harmonics donot change appreciably, then 10 is enough. If they
change, increase the number by about 50%. Use the smallest number of harmonics for
the answer to be stable.

6. Leave Oversample Factor as default (that is, 1). Since the oscillator has sinusoidal
waveforms, an oversample of 1 is appropriate.

7. Leave the Freqdivide Ratio for Tone 1 option to the default value of 1.

8. In the Accuracy Defaults (errpreset) section, select conservative. conservative is
typically used because very small amplitude phase noise measurements are normally
desired. Conservative is recommended for all the oscillators.

9. Select Oscillator. This is required for simulating an autonomous circuit.

Figure 3-42 The Choosing Analyses Form - Oscillator Section
ez — Cecillator node+ | . Select
Decillator node- [ ] . Lelect
& Calculate initial conditions (ic) autornatically
—  Enable tuning mode analysis
— Use the probe-based solution method
10. Inthe Oscillator node+ field, click Select just to the right of the field. In the schematic,
select the collector node. This is the net just below the collector label. This oscillator
node will be used by the simulator for the period calculation of the oscillations. It just
needs to be a node that has the oscillator signal on it.
11. Leave the Oscillator node- field blank.
Note that if you have a single-ended oscillator, only specify one node. If the second node,
(the reference node) is left blank, it will be connected to the global ground node
automatically. However, if you have a differential oscillator, you need to specify both the
nodes.
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12.

13.

Figure 3-43 Selecting collector net on oscillator_ckt schematic

. cﬁHEgtér'

~ U"NPNupper"
;ﬁ

el

If you have an LC oscillator, leave the Calculate initial conditions (ic) automatically
checkbox selected (this is the default).

Note that Calculate initial conditions (ic) automatically is used to start the oscillator. Other
methods to start the oscillator include putting a single current pulse into the resonator,
setting initial conditions(ic), or ramping up the power at time = zero plus.

Note that by default Use the probe-based solution method (oscmethod) option is
deselected. Spectre will use the onetier method.

When Setting Use the probe-based solution method (oscmethod) option is selected, it
iterates for the frequency solution in the outer loop and the amplitude and phase solution
in the inner loop. The probe-based method has better convergence but is
computationally intensive.

Please refer to Spectre Circuit Simulator RF Analysis Theory for more details.

The Choosing Analyses form will look like the following:
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Figure 3-44 Choosing Analyses Form - Harmonic Balance Setup
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14. Click Applylocated at the bottom of the form. This will add the hb analysis in the Analyses
section of ADE Explorer along with stb analysis, as shown below:
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Figure 3-45 ADE Explorer Simulation Window - stb and hb Analysis setup
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Setting up the HBSTB Analysis

1. Inthe Choosing Analyses form, select hbstb.
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Figure 3-46 The Choosing Analysis Form - hbstb Analysis Setup
Choosing Analyses — ADE Explorer

Analysis — tran i dc — ac — hoise
 xf — SENS — dcmatch . acmatch
— sth ! PZ ot [T — sp
— envlp . pss — pac — pstb
— pnoise . pxf — psp — qpss
— qpac — gpnoise . qpxf — qpsp
— hb — hbac ® hbsth — hbnoise
— hbsp — hbxf

Harmanic Balance Stability Analysis
Harmaonic Balance Stability Analysis Motification

Sweep Type

Automatic n

Add Specific Points

Add Points By File

Probe Instance select
Local Ground MNam Select
Enabled __ Options...

m _ Cancel | Defaults | Apply | Help

Set your sweep frequency such that the expected oscillation falls within the sweep range.

Type 1.7G in the Start field.
Type 2G in the Stop field.

Set the Sweep Type to Linear.
Select Number of Steps.

@ a N

Type 100 in the Number of Steps field.
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You need to provide number of steps such that you have enough resolution in frequency.
In this case, you have 300MHz/100 = 3MHz step resolution.

7. Click your mouse cursor in the Probe Instance field and click Select which is just to the
right of this field. The pstb requires that you place the probe on the feedback loop to
identify and characterize the particular loop of interest.

8. In the schematic window, select the iprobe in the center of the circuit. It looks like an
analog meter. ‘iprobe’ is required to determine the feedback without breaking the
feedback loop.

Figure 3-47 Selecting iprobe instance IPRB0O on the schematic

Ceallectar 0 I

a=6ilGf

) "H:F’HI |pp;5~.r”

“ermittar '

_ =208 -

Note: To use pstb analysis, either an iprobe or a vdc set to 0 Volts needs to be added in
series with the feedback path. In this case, an iprobe is used. The current probe and the
vdc source both have zero resistance. Because of this the loading in the loop is
maintained. In the past, the AC part of the loading had to be broken in order to get a loop
gain measurement.

Note: For a differential circuit, use the diffstbprobe component from analogLib.

The Choosing Analyses form should look like the following.
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Figure 3-48 Choosing Analyses Form - hbstb Analysis Setup
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N —_
Enabled Options...
Y -
m _ Lancel | Defaults | Apply | Help |

9. Click OK button at the bottom of the form to close the Choosing Analyses form.

The hbstb analysis gets added along with stb and hb analysis in the Analyses section of
ADE Explorer, as shown below.
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Figure 3-49 ADE Explorer Simulation Window - stb, hb and hbstb setup
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Running the HB, stb and HBSTB analysis
Once finished setting up the HB, HBSTB and stb analysis click the green icon > in ADE
Explorer or on the Schematic window to run the simulation.

Plotting the results

Plotting the stb analysis results

First plot the Loop Gain magnitude and phase from the stb analysis.

1. In ADE Explorer, select Results - Direct Plot - Main Form.
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Figure 3-50 The Direct Plot Form - stb, hb and hbstb Analysis

Direct Plot Form

Flotting Mode
Analysis

® cth . hb _ hbstb _ tstab

Function
® Loop Gain — Stability Summary
— Phase Margin . Gain Margin

— PM Frequency . GM Frequency

Modifier
— Magnitude _ Phase #2 Magnitude and Phase

Magnitude Modifier

— MNone _ dB10 & dB20

Add To Outputs  — Plot

= Press plot button on this form...

2. Select stb as Analysis.

3. Keep the rest of the settings at their default values, that is Loop Gain as Function,
Magnitude and Phase as Modifierand dB20 as Magnitude Modifier. Remember that
we are trying to plot the Loop Gain magnitude and phase plot.

The Direct Plot Form looks like the following:
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Figure 3-51 stb Analysis Direct Plot Form Setup

Direct Plot Form

Plotting Maode Ap
Analysis

(i

stb . hb . hbsth . tstab

Function
#® Loop Gain — Stability Summary
— Phase Margin . Gain Margin

— PM Frequency . GM Frequency

Modifier
— Magnitude

— Phase #& Magnitude and Phase

Magnitude Modifier

— Mone . dB10 & dB20
Add To Outputs  — Plot
= Press plot button on this form...
_telp

4. Click Plot.

P
5. Inthe waveform window, click the Split Current Stripicon =% . This will add the Loop

Gain and Phase plots in two different strips in the same graph window, as shown below.
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Figure 3-52 stb Analysis Ouput Graph Window - Loop Gain Magnitude and Phase
Plot

Eile Edit Miew Graph Axis Trace Marker Measurements Tools Window EBrowser Help (éﬂel‘l(e
I -~ Jd S Els o % 0 K x| @ = ||famny B-
Il 427 B [ subwindaws: 1 BIIIIIJ = > I 7l zassic ﬂ
I/_ ExarnplelibRF oscillator_ckt schem.. i

Stability Response

Loop Gain dE20

Jimouse L: R R

Sa(72) | Trace: Loop Gain dBE20; Context: fcerversiscratchO5fkamal/cpectrerftectcase151/RF_Doc_Databacsel/simulationfocsd)

On the top of the graph is a plot of loop gain phase in degrees. On the bottom of the graph
is a plot of loop gain magnitude in dB. The area in the red box is the unity gain area.

Note: There is only one place just above 1 GHz where the loop gain approaches unity.
6. Now Zoom in to the unity gain area of the Loop Gain Plot. To do this:
a. Move your mouse cursor over one of the numbers on the X axis.

b. Click the right mouse button and select Axis Properties.

Click the Scale tab and set Mode to Manual.

o

d. Type 1G in the Minimum cyclic field. This is near to the frequency before the unity
gain area starts.

e. Type 2.4G in the Maximum cyclic field. This is frequency near to which the unity
gain area ends.
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Figure 3-53 Graph Window X-Axis Setup

Independent Axis Properties for freq

General  Scale
Mode Manual n
Axis Limits 1inimum 15 Maximum
Divisions dinar 10 B Major 10 B
Step Size _ |se Step Value tep Value 0.0 Hz

Scale Options Log

OK Close Apply Help

f. Click OK.

This will provide the zoomed in plot of Loop Gain’s Magnitude and Phase from 1GHz to
2.4GHz frequency range.
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Figure 3-54 stb Analysis Loop Gain Magnitude and Phase Zoomed-in Plot

Eile Edit Miew Graph Axis Trace Marker Measurements Tools Window Erowser Help (éden(e
IF -~ d SmEmls « % 0 B X | SR v - B B
Iy 27 B 00 suswnaows: 1 Bl | >l IE] o= B>
L) ExarnpleLibRF oscillator_ckt schem...

Stability Response

~16a0.0
Loop Gain Phase

Sa0.0
50,0
Loop Gain dBEZ0O

nrnouse L: Ra: F:

540721 | i

In traditional control system analysis, an oscillator will oscillate when the loop gain is greater
than unity and the phase is 180 degrees. This assumes that there is an inverting summing
junction in the feedback loop. In the circuit, we cannot separate out the summing junction, and
so the loop gain measurement contains it. In the phase plot, what one looks for is zero or
multiples of 360 degrees, not 180 degrees.

1. Place a vertical marker at 360 degrees phase, as follows:

a. Move the mouse cursor near the 360 degree phase point and type v. This will place
a vertical marker.

b. Move your mouse cursor over the vertical marker. The cursor will change shape.
c. Right-click and select Intercepts - On.

d. Select the vertical marker, click and hold the mouse button, and place it at 360
degrees.

The graph window will look like the following:
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Figure 3-55 stb Analysis - 360 degree Marker Placement

Eile Edit “iew Graph Axis Trace Marker Measurements Tools Window Browser Help (édence
Iwf -~ = | & 6l e o x| « S - B

[+ &2 B 00 subwinsows{_1__ [l T & = sl I ca=se >

L1 ExampleLibRF ascillator_ckt schern. ..

Stability Response

-1&e0.0

) Gain dE20 4. 41834dB

lirnouse L: M R:
S34(72) | Trace: Loop Gain Phase; Cantext: feerversiscratchlS3fkamalispectrerftestcase151/RF_Doc_Databasesdsimulati J

2. Select Window - Assistants - Vert Marker Table.
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Figure 3-56 ViVA XL - Selecting Marker Toolbox

virtucso (R} Visualization & Anabysis XL: ExamplelibiF oscillator ckt magsire

File Edit Wiew Grap Trate Marker Messwemnents Toots LG Browser Help cadence
B . & Em Browser i O lomy P22 523
? 171 el = = N e E’I'f 3 L | —— " Ftomize —— [F% amiby n__.___ o e
s gﬁ Subwindow:; 1 ‘ L] -L—" | Workipates Eye Dlagram | Classic n i g
] ExamiplelinRF oucillstor_ckt1 Tabs U

Horiz Marker Table
Marker Toolbos

Spectrum

M Loop Gain Phase

| Wert Marker Table T & x|

The Marker Table window appears with the data for the phase and gain curve intercepts
along with the frequency.

The Graph Window will look like the following:
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Figure 3-57 Oscillation frequency determination from stb Loop Gain Plot

Eile Edit ¥iew Graph Axis Trace Marker RMegasurements Tools Window  Browser Help (éden(e
[[mpd=s-Rd=N"™ @r’-_.—"‘ﬂlll V) » LSRN 2 »Ilfamny - B

|||”" ,,_/ DD Subwindows: n ||| 1] ﬂ ||| <::' »m ||| Classic n

1] ExarmpleLibRF oscillator_ckt schern.

Stability Response

-160.0

o e S
® -3p0.676deg

-A00,0

OPGAIN (deg)

) 480.0

Sa0.0

_ 50.0 4, 4183 )
Loop Gain dE20 447 +.41834dB

-100.0

IPGAIN [dE.]

SS00.0

Verl Marker Table el =l

V1 |

- 1.66992GHz
-l Loop G.. -360.084deg

Loop G.. 4.51397dB

JIimouse L R:

Note that the loop gain is just over 4.5 dB on the Loop Gain dB20 curve. (Greater than
unity gain.) The oscillator should oscillate.

Note that the frequency of oscillation based on linear stb analysis is 1.89GHz. You'll refer
to this later.

3. Inthe Direct Plot Form, click Cancel. In the ViVA window, select File - Close All Windows.
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Plotting up the hbstb Analysis Results

Next plot the hbstb Loop Gain magnitude and phase. This time you will plot the results from
the Schematic Window. Once you open an ADE Explorer session/window from Virtuoso
Schematic Editor L Window, the Setup and Run and Results toolbar gets added to this
Schematic Editor Window, as shown in the figure below:

Figure 3-58 ADE Explorer menu in VSE L Window

Virtuoso® ADE Explorer Editing: ExampleLibRF oscillator ckt schematic - ADE Explorer

Launch File Edit Yiew Create Check Opuions Window ParasiucsLDE  ADE Explorer Help

U @dld 0 mXOT s ¢ B-T-5-F-QQ & 8% 11LE»
e o IR R R e 3
Bb-7 5P 4&-X» aW|EE{E (B e Bono BFQ
| mavigator TUE)X| | osciltator_ckt [ maestro
Schematic
acillater ekt
* OBJECTS
All
Instances 24
Hets L
Pins
Hets and Pins
T GROUPS

Calls
Types

You may referto Virtuoso ADE Explorer User Guide for more information regarding these

simulation menu icons.
— g S
Click the red arrow ___ in the icon .2 located at the right. This will open the Direct Plot
menu options. Select Main form, as shown below:
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Figure 3-59 Running Simulation from VSE L Window

Virtuoso® ADE Explorer Editing: ExampleLibRF oscillater ckt schematic - ADE

Launch FEile Edit View Create Check Options Window ParasiticsLDE ADE Explorer Help

(TEN=N"]

I~ - %
B, > et v

F 0 EXO0OT o ¢ B-T-5-F-IQRAK )% L1
EE - N T B S - 4
AT B @ {O L 4N N | “l“. = H {: Q Replace 'tllunt] "IE] g

| Navigator |

Main Farm

Sche

ol laj

= DBJECTS

Al

Instances

Nets

Ping

Netsand Pins
* GROUPS

Cells

Types

Transient Signal
Transient Surm

Transient Difference

The Direct Plot Form is displayed.

1. Inthe Direct Plot Form, select hbstb in the Analysis section.

. Select Loop Gain in the Function section.

2
3. Select Magnitude in the Modifier section.
4

. Select dB20 in the Magnitude Modifier section.

The Direct Plot Form looks like the following:
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Figure 3-60 HBSTB Direct Plot Loop Gain Magnitude Setup

Direct Plot Form

Plotting Mode ~ APPend -]
Analysis
o stb o[ @ nbst [ tsta
Function

® Loop Gain | Stability Summary

Modifier

!EMagnitudeé — Phase _ Magnitude and Phase

— Imagwvs. Real

Magnitude Modifier

— Mone _ dB10|® dBZ20

Loadpull Contours  _
Add To Outputs  — Plot
— — 4 — — 4

= Press plot button on this form...

5. Click Plot. The Plot Window will be displayed, as shown below.
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Figure 3-61 HBSTB Loop Gain Magnitude Plot

File Edit “iew Graph Axis Trace Marker Measurements Tools Window Browser Help (éden(e
I= -~ Jd Sl ¥ o 3 | Q@ » [[ramiy K@t
"l’.@ :_," % BB Subwindows: 1 n ||| L] n ||| > ”l ||| = |||M >
I/_ ExarnpleLibRF oscillator_ckt schem...

Periodic Stability Response

=
(=]
= -
)
=
i

L0

J6(7E) | plot new graph subwindow J

6. Next, plot the hbstb Loop Gain phase. Select Phase in the Modifier section with Loop
Gain selected in the Function section.

The Direct Plot Form looks like the following:
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Figure 3-62 HBSTB Direct Plot Loop Gain Phase Setup

Direct Plot Form

Plotting Mode ~ APPend Lo
Analysis

— 5tb . hb| ® hbsth| _ tstab

Function

o=

® Loop Gain . Stability Summary

Modifier

— Magnitude ® FPhase| . Magnitude and FPhase

— Imag vs. Real

Loadpull Contours  __

.....................

Add To Outputs | — { Plot i
oy - oo =
= Press plot button on this form...

_sep_

7. Click Plot. The Graph Window will look like the following:
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Figure 3-63 hbstb Analysis Loop Gain Magnitude and Phase Plot

File Edit %iew Graph Axis Trace Marker Measurements Tools Window Browser Help cadence
[mid== =" H=Y o) b o X | @ = lramiy  R@ >l
I+ €7 B 00 suowindowsi 1 [l w8 | N EN

L] ExarnpleLibRF oscillator_ckt scher...

Periodic Stability Response

B Loop Gain dB20

Loop Gain Phase

36176) | plot new graph subwindow J|

Note: Loop Gain’s Magnitude and Phase are plotted separately as when Magnitude and
Phase is selected, there is no dB20 modifier for the loop gain.

8. Next, you need to place a vertical marker at zero degrees on the plot and get the marker
table. To do this:

a. Type v to place a vertical marker.

b. Select the vertical marker, click and hold the left mouse button, and place it at near
zero degrees.

The Plot will look like the following:
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Figure 3-64 hbstb Loop Gain magnitude and phase plot with vertical marker

File Edit Yiew Graph Axis Trace Marker Measurernents Tools Window Browser Help cadence
[mpd=-Rd =" N=1 =5 o O 0 X Bl oassic B &

|| g4 557 = [ subwindows] 1 Bm ™ ||.¢ = | cataroint Boooooc [[ramiy Bl ||

5 ExarnplelLibRF oscillator_ckt schern...

Periodic Stabilitv Response

Loop Gain Phase

lrmouse L: ha: R:

-40(853 | no error J

9. Select Window - Assistants - Vert Marker Table.

The Marker Table window is displayed with the data for the phase and gain curve
intercepts along with the frequency.
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Figure 3-65 hbstb Analysis Loop Gain Plot with unexapnded Verticle Marker
Table

Eile Edit Miew Graph Axis Trace Marker Measurements Tools Window Browser Help Céden(e
Iw -~ Jd & Ml s ¥ o % 0 E loassic BE &

iy = Subwindows| 1 i M |4 = pataFoint 300005 || Farnily »

] ExarmplelLibRF oscillator_ckt schem...

Periodic Stability Response
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GAIN (de
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=]

'
]
n

0l
-l

Yert Marker Table el =

harrnanic |\-'1
b m
Loop Gain ..
Loop Gain ..

rnouse L: b R:

S0[E5) | J

10. Note that in the plot window, initially only frequency value is visible and the Loop Gain
and Phase values are blank. Click the + sign, located to the left of the Loop Gain dB20
& Loop Gain Phase entry to expand them and see their respective values, as shown in
the figure below.
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Figure 3-66 pstb Analysis Loop Gain Plot with Vertical Marker Table

1] ExarmplelibRF ascillator_ckt schem...

Periedic Stability Response

-62.9mdB

1.3267deg

=]
<
2
=%
]

LC

Vert Marker Table

|harm0nic
-
Bl Loap Gain dE20
Bl Loop GaindB20 0
El--Lu:u:p Gain Phase

Ml Loop Gain Fhase 0

lirmouse L: R R:

40151 | 1

Note that the Loop Gain magnitude is very near unity gain.

Also note that the oscillation frequency determined from hbstb analysis is 1.83GHz,
slightly different than the oscillation frequency 1.89GHz determined from linear stability
analysis, that is, stb. Linearizing about a periodically time-varying operating point in
hbstb analysis allowed the stability evaluation to include the effect of the time-varying
operating point as mentioned earlier.This has changed the oscillating frequency a little in
comparison to the one determined using stb.

Next, hb Analysis Results will be plotted. You would note that how well pss results agree
with the hbstb results.

Plotting up the PSS Analysis Results

Next plot the oscillator spectral content -
1. In the Direct Plot Form window, set the Plotting Mode to New Win.
2. Select hb as Analysis.
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3. Leave Function as Voltage which is set by default.

P

Select Net in the center of the form. (This is the default. You can also select differential
nets).

Select Sweep as spectrum. (This is the default)
Select rms as Signal Level (default is peak).

Select dB20 as Modifier.

® N o o

Your Direct Plot Form should like the following:

Figure 3-67 HB Analysis Direct Plot Form Setup

Direct Plot Form

Plotting Mode New Win ﬂ

Analysis

Function

& Voltage — Current

— Power — Voltage Gain

— Current Gain — Power Gain

— Transconductance — Transimpedance
— Compression Point — IPN Curves

— Power Contours — Reflection Contours
— Harmonic Frequency . Power Added Eff.
— Power GainVsPout . Comp. VsPout
— Mode Complex imp. . THD
select (Met ﬂ

Sweep

- fme
Signal Level - peal-;

Muodifier
— Magnitude _ Phase
— Real — |Imaginary

Scalar Expression

Value At (harms)

Add To Outputs —

> Select Met on schematic...
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9. Select the collector net in the Schematic. It is located just below the collector label.

Figure 3-68 Selecting collector net on oscillator_ckt schematic

The waveform window is displayed, as shown below.

Figure 3-69 HB Analysis output Graph Window - Voltage Spectrum Plot

File Edit Wiew Graph pAxis Trace Marker Measurements Tools Window EBrowser Help (édence
IE B a S @mls o b 08 % T8 s - e

| ¢ 7 B [ subwindows| 1 @[ | Data Point J27510G [[famity [
1] ExarnpleLibRF oscillator_ckt schern.. i ExarnplelibRF oscillatar_ckt schem...

Periodic Steady State Response

| |

)

M2: 1.83318GHz 7.32836dB

September 2023 175 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in

ADE Explorer Workshop

10.

11.

12.
13.

In the waveform window, position your cursor near the first harmonic, and press the m
key. Here m is the bindkey to place a trace marker on the graph. The first harmonic is
chosen as this is the frequency oscillator is designed for.

Note that this frequency is 1.83075G. This is the frequency of oscillation.

Note that the oscillation frequency determined from pstb analysis agrees very well with
the pss-hb analysis.

In the Direct Plot Form, click Cancel. In the ViVA window, choose File - Close All
Windows.

Close the Analog Design Environment window by selecting Session - Quit.

In the Schematic window, choose File - Close.

In this section, the B magnitude and phase measurements were done using stb, hb, and
hbstb analysis. In addition, the oscillation frequency was determined using these
measurements.

Next, the phase noise measurement which is one of the key measurement in oscillator design
will be done. Also, the Noise Summary Table will be obtained.

Phase Noise Measurement and Noise Summary Table

Opening the Oscillator Circuit in the Schematic Window

1. In the Command Interpreter Window (CIW), choose File - Open.
Figure 3-70 Virtuoso CIW Window - Opening Cellview
Virtuoso® 6.1.8-64b - Log: /ftmp/CDNS_jommylog
BB 100 options peip cadence
_____________________ tory servers/scratch50g/jommy/adeTest
Hew Y F Doc_Database/share/gpdk180_v3.3/11bs .oa: I
Open... not exist
- in libFile servers/scratchsig/ jommy/adeTest =

Import * F_Doc_bDatabase/cds.lib' for Lib 'substratelil
Export 4 —
Refresh... i -
Make Read Only... M: T
Bookmarks r D|

The Open File form is displayed.
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Select ExampleLibRF from the Library drop-down list.
In the Cells field, type oscillator_ckt.
Select schematic from the View drop-down list.

In the Application section, select Schematic-L from the Open With drop-down list.

@ a » e n

Leave Open Forto Edit (which is set by default).

Figure 3-71 Open File Form to open the oscillator_ckt cell’s Schematic View

Open File
File
; Cells
Librar ExampleLibRF
! ' : 4_inv_thl
Cell oscillator_ckt DIFF_INV
INV
i RC_Oscillator
) h t _
View Sl n WC_Ring_Osc_Diff
Type schematic cascode
db_mixer
Browse db_mixer_xmit
- = invlx
InaSimple

Application opamp
) ; oscillator_ckt

Openwith sh_fet_test

__ Always use this application for this type of file

Open for ® edit _ read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds.lib

m _ ECancel | Help J'

7. Once all the setup is done, click OK'to close the Open File form.

This will open the oscillator_ckt schematic in Virtuoso Schematic Editor L window, as
shown below.
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Figure 3-72 Oscillator Schematic opened in Virtuoso Schematic Editor L Window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic
Launch File Edit View Create Check Options Window Help
] D % O W% O T ¢ BT -5-F-Q Q G 8% 11X e R
Basic BE & |k T 1 Ty | & e B-

| Navigator z2x

Schematic

oecillator_ckt
~ OBJECTS

Al

Hets and Pins

* GROUPS
Cells

Types

+ o
Property Editor ?_b_x]

Setting up the HB and HBnoise Analysis

In this section, for performing phase noise measurement, you would be using the hb and
hbnoise analyses.

Setting up the HB Analysis

1. In the Schematic Window, choose Launch - ADE Explorer.
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Figure 3-73 Opening ADE Explorer window from VSE window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic

'Lm]nl:h-' File Edit View Create Check Options Window Help

ADE Assembler

Layout XL

Layout GXL

Layout EAD 24
Schematics L 1

Schermatics XL

Peell IDE

Power Manager

Plugins ]

2. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.

Figure 3-74 Create new ADE Explorer view

Create new ADE Explorer view

File
Library ExampleLibRF n
Cell oscillator_ckt
Wiew maestro
maestro
Application

ADE Explorer
__ Always use this application for this type of file

Library path file

'spectreRFtestcases/RF_Doc_Databasefcds.lib

Openin @ newtab _ currenttab _ new window

@EP el bep

September 2023 179
© 1990-2023

ADEL ; — T —— ——
;DE XL . F 0 WX O T L~T ~=2 -~ Q & G &
ADE GXL . Basic n =0 Z.':. . % ,'.:lﬁ 123 {E 1} | ._ﬁ Q-

ADE Explorer 7 5 x| = A

Product Version 23.1
All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

3. Leave each option to the default selections and click OK.

The ADE Explorer window is displayed, as shown below.

Figure 3-75 Virtuoso ADE Explorer Window

Virtuoso® ADE Explorer Editing: ExampléLibRF afcillator ckt maestro

Launch Session  Selup  Analyses Wariables Ouiputs Simulation Results Todls FAD Parastic/LDE Window Help cadgn(g|
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i
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& vtune 15

L] _{ﬂ Parameters

+ ¢} Corners

4 _ Relisbility Analyses

& | & Monte Csrio Sampling
H |_ Checks'Asserts

mouse L

R |
Fa]

| ExampleLibRF oscillator_ckt schematic | Smulster specire I

4. In ADE Explorer, select Setup — Simulator.
The Choosing Simulator form is displayed.

5. Select spectre as the Simulator.

Figure 3-76 Choosing Simulator Form
Choosing Simulator — ADE Explorer

Simulator

@& el sppy  Hep

6. Click OK.

7. Select Setup - High Performance Simulation. The High Performance Simulation
Options window is displayed.
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Figure 3-77 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Mode — Spectre @ o Spectre X s XP5 M5

General

Accuracy + Speed

Error Preset: ® Donotoverride . Liberal . Moderate . Conservative

AFS Options

Use ++aps:

Multi-Threading

® Auto . Disable . Manual

Post-Layout Settings

Enable Post-Layout Optimization: J

Instance Preservation: ® MNone . Selected

m _ Cancel | Defaults | Apply | Help

8. In the High Performance Simulation Options window, select APS. Note that Auto is
selected for Multithreading options. The effect of this is to detect the number of cores
on the system (up to 16) and then multi-thread on all the available cores. Usually, it is
better to specify the number of threads yourself. Small circuits should use a small
number of threads, and larger circuits can use more threads. The overhead of managing
16 threads on a smaller circuit may actually slow the simulation down, compared to two
or four threads. Use the number of threads that maximizes the performance.

9. Click OK'to close the High Performance Simulation Options form.
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10. In ADE Explorer, select Outputs - Save All.
The Save Options form is displayed.

Figure 3-78 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —]

Select signals to output (save) _ none __ selected __ Ivlpub _ vl & allpub __ all
Select power signals to output (pwr) __ none __ total _ devices __ subckts __ all

Set level of subcircuit to output (nestivl)

Select device currents(currents) __ selected __ nonlinear __ all __ none
Select AC terminal currents (useprobes) _yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) __ selected __ all
Transient Time Window Options

— Transient time window save options NiMmEe Setup

—
Save circuit information analysis
MName | What Where File Extremes Others |Enab|ed|

modelParameter models rawfile I
element inst rawfile I
outputParameter output rawfile I
designParamVals parameters rawfile I
primitives primitives rawfile I
subckts subckts rawfile I
asserts assert rawfile l
extremeinfo all logfile yes l
<Click_To_Add= none rawfile ™

11. In the Select signals to output section (save), ensure that allpub is selected.

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.

To save the currents, use the Select device currents (currents) option, and select
nonlinear if you just want to save the device currents, or all if you want to save all the
currents in the circuit. When you save currents, more disk space is required for the
results file.
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12. Click OK.
13. Select Setup - Simulation Files.
The Simulation Files Setup form is displayed, as shown below.

Figure 3-79 Simulation Files Setup Form

spectrel: Simulation Files Setup

!| vector Files

|Files/Paths Options

El- Include Paths
: __|=Click here to add a path=
L} Definition Files
: __ =Click here to add a file>
L} Stimulus Files
i _|<Cick here to add a file>
L} Parasitic Files (DSPF)
L _|=Click here to add a file=
L} Parasitic Files [SPEF)
L <Click here to add a file=
[1- PSpice Files

il _|eClick here toadd a path=

14. In the Simulation Files Setup form, type ./ by clicking in the Include Paths section.
15. Click OK to close the Simulation Files Setup form.
16. Select Setup — Model Libraries.

The Model Library Setup form is displayed.
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Figure 3-80 Model Library Setup Form

— ] spectrel: Model Library Setup |3
\Model File Section |
E- Global Mode| Files
> » models‘fmodelsRF scs \ J
sharefgpdk180_v3 3/models/spectrefgpdk.scs
-|:| <Click here to add model file> _ !
-
i
L
) 4
_—
Cance| Apply Help

17. Inthe Model File field, type the path to the model file including the file name, as shown
below:

models/modelsRF.scs

You can also browse to the modelsRF.scs file.
18. Click OK to close the Model Library Setup form.
19. Select Analyses - Choose.

The Choosing Analyses form is displayed, as shown below.
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Figure 3-81 The Choosing Analyses Form

Choosing Analyses — ADE Explorer

Analysis & tran o dc — ac — noise
o Xxf  SENS — dcmatch . acmatch
— Stb s pz s If s Sp
— EMWlp . pss — pac — psth
— pnoise o pxf — psp — Opss
— gpac — qpnoise _ qpxf — qpsp
— hb — hbac — hbstb — hbnoise
— hbsp  hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

— Transient Noise

Dynamic Parameter

Enabled __ " Options...

m _ Cancel . Defaults | Apply /| Help

20. Select hbin the Analysis section. The form expands, as shown below.
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Figure 3-82 The Choosing Analyses Form - Setting hb analysis

Analysis — tran w dc — ac — hoise
o uf — FENS — dcmatch o acmatch
— sth — pz — Sp ]
— P55 — pac — pstb — phaise
— puf — psp — qpss — gpac
— gQpnoise ' gp«f — Qpsp & hb

— hbac — hbnoise . hbsp
Harmmonic Balance Analysis
Transient-Aided Cptians

Run transienty \Decide autarnatically n

Detect Steady State v Stop Tirmeltstab)

Save Initial Transient Results (saveinit) . ho __ yes

Dynarmic Pararmeter

Tanes 2 Frequencies - Mares
Murnber of Tones &1 2 w3 w4
Tone 1

Fundarnental Frequency

Mumber of Harmonics auto

Oversample Factor 1

Fregdivide Ratio for Tone 1 1

Harmonics  (Default n

Accuracy Defaults (errpreset)

_ conservative ¥ moderate _ liberal

Oscillator —

Sweep &
Laadpull &
LS5P =
Campression &

Enabled Options..

m Cancel Defaults Apply Help
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21.

22,

23.

In the Transient-Aided Options section, leave Run Transient? as Decide
automatically, which is set by default.

The other choices for this option are Yes and No. If Yes is used then the Detect Steady
State option becomes active and the Stop Time(tstab) field is also activated. This
means that you can decide whether you would like the Steady State to be detected
automatically during the transient run or not and also specify a Stop time(tstab) for that
transient run. When you select the checkbox for Detect Steady State option, this will
run the transient analysis until steady-state is detected and then switches to hb.

Select yes for Save Initial Transient Results (saveinit). This will help in visualizing the
buildup of the oscillation waveform.

Select Names in the Tones section. The other option is Frequencies, which is selected
by default.

Names is chosen here as it is similar to pss Harmonic Balance analysis setup. The form
changes, as shown below.
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Figure 3-83 The Choosing Analyses Form - Setting hb analysis using Names

Harmonics  (Default n

Accuracy Defaults (errpreset)

__ conservative ™ moderate _ liberal

Oscillator

Sweep el
Laadpull &
LS5P e

Compression el

— uf — EENS — dcmatch o acmatch
— sth ' P2 — 5P — envip
— P55 — pac — pstb -~ phoise
— puf — PpSp ' pss — qpac
— qphaise . gp«f — qpsp % hh
— hbac — hbnaise . hbsp
Harrmonic Balance Analysis
Transient-Aided Options
Run transientr (Decide autarnatically n
Detect Steady State v Stop Timeltstaby  auto
Save Initial Transient Results (saveinit) — ho _ yes
Dynamic Parameter _
Tones — Frequencies
Tones
# Mame Expr ¥alue Mxham Ovsap Tstab Srcld
yes n
Change Delete Update From Hierarchy
Freqdivide Ratio far tone with Tstab 1

Enabled __ Cptions... b
m Cancel Defaults Apply Help
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24. Select the Oscillator option. This is required for simulating an autonomous circuit.

Figure 3-84 The Choosing Analyses Form - Oscillator Section

i W
Oscillator ¥ Oscillator node+ [ﬁ oelect

Qscillator node- Select
| S

L4

Calculate initial conditions (ic) autormatically
— Enable tuning mode analysis

— Use the probe-based solution method

25. A popup window, as shown below appears. This informs about creation of an osc!
frequency line entry in the Tones field. Click Close to close the window.

Figure 3-85 Popup Window - osc! entry creation message
Analog Design Environment

(1 Reminder: Fill in the guess frequency for Oscillator circuit with the tone name osc!

Closing the above popup window will result in creation of the osc! frequency line in the
Tones section, as shown below.
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Figure 3-86 Choosing Analyses Form - hb autonomous setup

Harrmaonic Balance Analysis

Transient-Aided Options

Run transienty ([Pecide autarmnatically n

Detect Steady State L4 Stop Timeitstab) | auto

— puf — P5p — gpss — gpac el
~ gpnoise i qpxf ~ Qpsp % hb
— hbac — hbnoise . hbsp

Save |nitial Transient Results {saveinit) — ho __ yes
Cynarnic Parameter
Tones — Freguencies & Marmes

Tones

# MName Expr Value Mxham Ovsap Tstab SrcId
8 osc! * Man +* auto 1 ves

Change Delete Update Fram Hierarchy

Freqdivide Ratio for tone with Tstab 1

Harmaonics  (Default n

Accuracy Defaults (errpreset)

_ conservative ¥ moderate _ liberal

i [
Codllisimy Oscillator node+ [ﬁ select

¥ Calculate initial conditions (ic) autornatically

Enable tuning rmaode analysis

Use the probe-based solution method

SwWeep el
Loadpull el
LESP ]

Carmpressian el

E Cancel Defaults Apply

Oscillator node- Select

b

Help
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26.

27.

28.
29.

30.

Select the osc! row in the Tones section.
a. Enter 1.9G in the Exprfield.

b. Leave the Number of Harmonics option set to auto. When Number of Harmonics is
set to auto, the simulator calculates harmonics automatically. The calculation is
based on Fourier analysis of transient steady-state waveforms.

c. Leave the Ovsap option as set to 1. Since the oscillator has sinusoidal waveforms,
an oversample of 1 is appropriate.

Enter 1 forthe Freqdivide Ratio for Tone with Tstab option (which is set by default)
as there is no frequency divider in the circuit. If there is a frequency divider in the circuit,
then you need to set the Freqdivide Ratio for Tone with tstab to the divide ratio of the
divider. For example, if the divider is divide-by-two, then the divide ratio is 2. Therefore,
you will set Freqdivide Ratio for Tone with tstab to 2.

Leave the Harmonics option set to Default.
In the Accuracy Defaults (errpreset) section, select conservative.

conservative is typically used because very small amplitude phase noise
measurements are normally desired. Conservative is recommended for all the
oscillators.

In the Oscillator section, in Oscillator node+field, click Select just to the right of this field.
In the schematic, select the collector node. Instead of selecting the node from the
schematic you can also type /collector inthe Oscillator node+ field.

This oscillator node will be used by the simulator for the period calculation of the
oscillations. It just needs to be a node that has the oscillator signal on it.

Leave Oscillator node- blank.

Note that if you have a single-ended oscillator, only specify one node. If the second node
that is, the reference node is left blank, it will be connected to the global ground node
automatically. However, if you have differential oscillator, you need to specify both the
nodes.
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Figure 3-87 Selecting collector net on oscillator_ckt schematic

31. If you are simulating an LC oscillator, leave the Calculate initial conditions (ic)
automatically checkbox selected (this is the default).

Note that Calculate initial conditions (ic) automatically is used to start the oscillator.
Other methods to start the oscillator include putting a single current pulse into the
resonator, setting initial conditions(ic), or ramping up the power at time = zero plus.

32. Note that, by default, the Use the probe-based solution method (oscmethod) option
is deselected. Spectre will use the onetier method.

When the Use the probe-based solution method (oscmethod) option is selected, it
iterates for the frequency solution in the outer loop and the amplitude and phase solution
in the inner loop. The probe-based method has better convergence but is
computationally intensive.

Refer to Spectre Circuit Simulator RF Analysis Theory for more details.
33. The Choosing Analyses form will look like the following:
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Figure 3-88 Choosing Analyses Form - HB Analysis Setup

o paf w psp L
' gpnoise . gpxf L
'\ hbat ‘o hbnoise

Transient-Aided Options

Detect Steady State

Save Initial Transient Results (saveinit)

Dynamic Parameter

Harmanic Balance Analysis

Run trancient? \['ecide autormnatically n

v Stop Timeltstab)  auto

qpss ‘'~ gpac

qpsp ‘& hb
hbsp

(g]u]

Tones

' Frequencies |® Mames

Tones

# Name Expr ¥alue

Mxham Owsap Tstab SrcId

osc! 1.96 1.96 auto

| Change | Delete )

| Update Frorn Hierarchy |

1 yes n

Freqdivide Ratio for tone with Tstab

Harmonics  (Default n

Accuracy Defaults (errpreset)

» conservative| _ moderate

Oscillatar node-

— Enable tuning mode analysis

Sweep =
Loadpull e
LE&P =

Compression =

i v :
CoElEEr Oscillator nade+ | feollector |_select |

¥ Calculate initial conditions (ic) autormatically

— Use the probe-based solution method

m- Cancel | Defaults )i Apply /| Help

1

liberal

| Select |

34. Click Apply.
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This will add hb analysis to the Analyses section of ADE Explorer, as shown below:

Figure 3-89 ADE Explorer Simulation Window - hb analysis setup

Virtuodo® ADE Explorer Editing: ExamplalibRl oicillabor

ckt -]
surah Semion Setup Analypes Vorubles Dutpets S

W datics B Tool [AD PesunicolDD Window Help cadence
BeElis s 0 (B Bes BDHG
| setmp I R = mae wra e
lamar Value hame | Type | Cretamis | Pioa | Save Spec Egj
I EsamplelitRF sdiater o1 ;13 -
Q. Semulator wectre i
Q. acaipun x
#hb  19G S eakecnsr
>
= iy Orugn varabiey | |}
Bl vune 15
b
4 o iy Parameters
il o S Ceenens

F _ Relabdny Analyses
W Wonte Carlo Sempling
3 | Chekaaseit

mesne &
&)

Setting up the hbnoise Analysis

Starting with IC617, the noise Ul is re-designed. modulated has been removed and its
functionalities are merged with timeaverage, leaving three noise types now. In addition, the

FM jitter option is removed. It is calculated through timeaverage PM noise, which should be
used when you want to get phase noise.

When Noise Type is set to timeaverage, USB, LSB, AM and PM noises are directly
available.You can choose, for example, PM noise alone, or you can select the

ALL(AM,PM,USB,LSB) option, if you need all four types of noise. The available options are
USB, AM, PM, AM&PM, and ALL(AM,PM,USB,LSB).

1. In the Choosing Analyses form select hbnoise analysis. The form expands, as shown
below.
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Figure 3-90 hbnoise Choosing Analyses Form
o gpnoise  gpxf oo gpsp o hb

. hbac « hbstb & hbnoise | hbsp

« hbxf

Harmonic Balance Noise Analysis

Sweeptype default n Relative Harmonic E]

Output Frequency Sweep Range (Hz)

LSEBIT-SEDP n Start Stop

Sweep Type

Automatic n

Multiple hbnoise

Add Specific Points

Sidebands
_Maxirnum sideband n

When using hb engine, default value is harms of 1st tone.

Output

robe n Output Probe Inst
P utput Probe Instance Select
DoMoise L

Naise Type fLimeaverage n

Timeaverage: single-sided spectrum and harmonic-referred
[modulated) noise analysis

Contribution Type:
— USB o AM & PM _ AME&PM _ ALLIAM,PM,USB LSE)
For fmjitter, PM noise must be enabled

Noise 5eparation

Separate noise into source and gain

i b
Enabled | Options...

m Cancel Defaults Apply Help
2. Set the Sweeptype to relative.

For oscillators, the hbnoise/pnoise frequency range is relative. Specify the harmonic
number as appropriate for the system you are simulating. If you are simulating an
oscillator by itself, then the harmonic number is likely to be 1. If you have an oscillator
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and a diode frequency doubler, then the harmonic number is likely to be 2. If you have
an oscillator with a frequency divider, in the hb/pss form, you should specify the
approximate frequency of oscillation for the frequency-divided signal. In the hbnoise/
pnoise form, if the noise is desired on the frequency divided output, then the relative
harmonic is 1. If the noise is desired at the output of the oscillator, the relative harmonic
number is the divide ratio. The meaning of relative is to take the frequency of the
harmonic number specified and add to it the frequencies specified in the Choosing
Analyses form. If the oscillator has a 1GHz output, and the pnoise had 1M relative to the
first harmonic specified, the actual output frequency is 1G + 1M, or 1001 M.

a. Type 1 inthe Relative Harmonic field. You are trying to determine the noise
associated with the fundamental frequency of the oscillator.

Next, you will set the output frequency sweep range. Frequency sweep is set for a
noise simulation as the noise is spread over the frequency range and it can affect
the adjacent frequency channels. Therefore, it is critical to determine its behavior

over a frequency range.

b. Type 10 in the Start Field in the Output Frequency Sweep Range (Hz) section.

c. Type 100M in the Stop Field in the Output Frequency Sweep Range (Hz) section.
Set the frequency sweep range as appropriate for your circuit (or application).

d. Setthe Sweep Type to Logarithmic.

e. Type 3 inthe Points Per Decade field. Typically, 3 to 5 points per decade are a
reasonable number to capture the noise behavior of the circuit.

3. Leave the Maximum Sideband field blank. In general, Maximum sideband needs to
be set high enough to include all the frequencies that could mix down to the oscillator
output frequency. By default, when this field is left blank, all the mixing with all the hb
harmonics are present in the hbnoise result.

4. Set the Outputto voltage.

a. Type /out inthe Positive Output Node field. You can also select the out net from
the schematic by clicking the Select button on the right of the Positive Output
Node field and then selecting the net just below the out label in schematic.

b. Leave the Negative Output Node field blank. If the second node that is the
Negative Output Node is left blank, it will be connected to the global ground node
automatically. However, if you have a differential oscillator, you need to specify both
the nodes.
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Figure 3-91 Selecting out net from the schematic

5. The Do Noise option is selected by default. Next, you will set the Noise Type.

6. Setthe Noise Type to timeaverage. Here, the other available options are jitter and
timedomain.

7. Select the ALL(AM,PM,USB,LSB) option.

Selecting the ALL(AM,PM,USB,LSB) will enable you to view all noise components on
the Direct Plot form.

8. Set Noise Separation to yes.
The Noise Separation option enables you to plot the individual noise contributors.

9. The Choosing Analyses form should look like the following:
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Figure 3-92 Choosing Analyses Form - hbnoise Analysis Setup

— AT ' SENS o OCFNATCh o &CM&TCh
 sth opz ' 5P w ENVIp B
‘s PEE s pac ' pstb ‘' pnoise

~ pxf ~ Psp ~ qpss ~ qpac
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Harmonic Balance Moise Analysis

Multiple hbroise el

Sweeptype  ([Elative n Relative Harmonic 1

Cutput Frequency Sweep Range (Hz)

|Start-Stop n- start 1@ Stop 1EEM

Sweep Type

® Points Per Decade

\Logarithmic n g
‘w Mumber of Steps

Add Specific Paints

Sidebands
\Maximum sideband n

WWhen using hb engine, defaultvalue is harms of Tst tone,

Qutput

Positive Output Mode Jout Select
woltage n

Megative Dutput Mode Select
Do Maoise L4

Moise Type timeaverage n

Timeaverage: single-sided spectrum and harrmanic-referred
{modulated) noise analysis
Caontribution Type:

o USE o AN s PML L AMEPR

LLiAM, PM, USE LS

Far frojitter PM naise must be enabled
kloise zeparation m — ho

Separate noise into source and gain

i

Enabled » Cptions...

m Cancel Defaults Apply Help

10. You now need to set up the lorentzian option for the hbnoise analysis.

HBnoise/Pnoise is a small-signal analysis and is not limited by large-signal effects, such
as clipping or slew-rate limits. As a result, at low offset frequency, the phase noise might
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be significantly greater than 0dBc/Hz. This indicates that the noise is larger than the
oscillations, which is not physically possible. If you want to see the phase noise curve
level off at low frequency, set the lorentzian option to yes.

a. At the bottom of the Choosing Analyses form, select Options. This will open
Harmonic Balance Noise Options form.

b. Select yes for lorentzian option in the OUTPUT PARAMETERS section of this form.

The Harmonic Balance Noise Options Form should look like the following:

September 2023 199 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in

ADE Explorer Workshop

Figure 3-93 hbnoise Options Setup Form

Harmonic Balance Noise Options

CONVERGEMNCE PARAMETERS

relative tolerance

tolerance
resgmrescycle — instant __ short
_ long _ recycleinstant
_ recycleshort __ recyclelong
hbprecond_solver __ basicsolver __ autoset

AMNOTATION PARAMETERS

annotate _ no __ title _ sweep ¥ status __ steps

QOUTPUT PARAMETERS

stimuli __ sources __ nodes and_terminals

=i _ selected _ Wlpub __ Ml __ allpub __ all
nestlvl

saveallsidebands _ yes _ no

lorentzian gyes __ cornerfreqonly _ no

enable osc ppv _ yes _ no

ADDITIONAL PARAMETERS

additionalParams

m _ Cancel Defaults | Apply | Help

11. Click OK to close the Harmonic Balance Noise Options form.

12. Next click OK to close the Choosing Analyses form. This will also add the hbnoise
analysis in addition to the hb analysis in the ADE Explorer Analyses section, as shown

below.
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Figure 3-94 ADE Explorer Simulation Window - hb and hbnoise analysis setup
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Running the simulation

Once finished setting up the hb and hbnoise analyses. Click the greenicon ® located
on the right side ADE Explorer or on the Schematic window to run the simulation.

Next, plot the phase noise results and obtain the Noise Summary Table once the
simulation is finished.

Plotting the results from hb and hbnoise analysis

First plot the SSB (single sideband) phase noise, as follows:

1. In ADE Explorer, select Results - Direct Plot - Main Form.
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Figure 3-95 hb and hbnoise Direct Plot Form

Direct Plot Form

Plotting Mode Append ﬂ
Analysis

— hb % hbnoise

- tstab . hbnoise separation

MNoise Type

Use o LSBE . AM

Function

® Output Noise . -20dBfdec Line

s JC ! e

— Phase Noise

Units
& VisgrifHz) o V#*2/Hz o dBo/Hz o dBV/Hz

Scalar Expression

Value At (Hz)
MNeoise convention

® 558 . DB

Add To Outputs  — Plot

= Press plot button on this form...

Note that in the Direct Plot form, hbnoise separation analysis is added as you have set
Noise Separation to yes in the hbnoise analysis setup form and tstab is added as you
have set Save Initial Transient Results (saveinit) to yes in the hb analysis setup form.

2. Select hbnoise as the Analysis.
3. Select PM as the Noise Type.
4. Select Phase Noise as the Function.

The Direct Plot Form Setup should look like the following:
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Figure 3-96 hbnoise Analysis Direct Plot Form Setup

Direct Plot Form

Plotting Mode ~ APPEnd -]
Analysis

— hb ® hbnoise

— tstab _ hbnoise separation

Moise Type

(i
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Function

— Output Moise . -20dBfdec Line

o |C - Jcc

Add To Outputs  —
— — 4

= Press plot button on this form...

Close

5. Click Plot.

The phase noise is plotted, as shown below:
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Figure 3-97 Phase Noise Plot with CorFreq Label
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The label CorFreq shows an estimate of the point on the phase noise where the phase
noise curve in the physical world levels off instead of continuing its rise.

6. Select File - Close All Windows to close the Graph Window in ViVA.
Next, you will plot the hbnoise Separation.

The key aspect in noise analysis is finding out what is causing the noise problem.
Hbnoise provides the total noise from all noise frequencies, and in the noise summary, it
provides the noise contributors with all the noise frequencies taken into account. The
idea of noise separation is several-fold. First, you can identify the noise frequencies that
cause the most noise at the output. Once you know the troublesome frequencies, you
can identify the troublesome components. Once you know the troublesome components,
you can identify the specific mechanisms within the component that are causing the
problem. You can then work upon to find the solution to this problem which may include
using different device dimensions or alternate circuit architectures and so on.
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To summarize, noise separation is a way of extending standard hbnoise to find out more
information about what is causing the problem related to noise. Once the problem is
identified, then a solution can be worked upon to fix it.

When Noise type is set to timeaverage and Noise Separation is set to yes in the
Choosing Analyses form while setting hbnoise, the hbnoise separation feature is
included during the simulation and the corresponding results are saved.

7. Inthe Direct Plot Form, select hbnoise separationin the Analysis section. The Direct
Plot Form changes, as shown below.

Figure 3-98 Direct Plot Form for hbnoise Separation

Direct Plot Form

Plotting Mode  ARPENd B
Analysis
— hb — hbnoise

. tstab | ®

Noise Type

— USBE _ LsB _ AM & PM

Function

® Sideband Output  Instance Cutput
— Source Output — Instance Source
— Primary Source . Src. Moise Gain

MNoise contribution of sidebands to output

Currently, only sideband data is available

Signal Level 2 V/=qrifHz) o V*=2/Hz
Maodifier
® Magnitude . dB20

Output Sideband

LI VY ]
C||||

Add To Outputs —

= Select Output Sideband on thisform...
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10.
11.
12.

—

Leave Noise Type selected as PM.

In the Function section, select Sideband Output. Sideband Output plots the noise
contribution of selected sidebands to the output.

In the Signal Level section, select V / sqrt(Hz).
Choose dB20 as the Modifier.
Select the -1, 0, and 1 Output Sidebands.

This will plot the noise contribution of the -1, 0, and 1 sidebands to the output. This allows
the identification of which noise frequencies are causing the largest noise contribution at
he output of the circuit.

SV
) Tip

You can click and hold the mouse over the -1 output sideband and slide the cursor
to include the 1 output sideband.

The Direct Plot Form should look like the following:
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Figure 3-99 Direct Plot Form setup for hbnoise Separation - Sideband Output

Direct Plot Form

Plotting Maode Append n

Analysis

— hb — hbnoise

. tstab| ®& hbnoise separation

Moise Type

— USB _ LSBE _ AM| & PM
Function

# Sideband Output | Instance Cutput
— Source Qutput — Instance Source
— Primary Source . 5rc. Noise Gain

Moise contribution of sidebands to output

Currently, only sideband data is available

Signal Level &V isgrifHz) | o V¥*2 S Hz

Modifier

— Magnitude | & dB20

Output Sideband
-3
-2
-1

0
1
2

Add To Outputs —

= Select Qutput Sideband an this form...

ciose YO

13. Click Plot.
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The hbnoise separation plot is shown below. Note that the harmonic numbers plotted are
in the legend on the left side of the screen.

Figure 3-100 HBnoise Separation, plot of -1, 0, 1 Sideband

File Edit Miew fGraph Awis Trace Marker Measurements Tools Window  EBrowser Help (éden(e
IF-F- Jd Smle ¢ % 0B x| QQQ ey @2
|l 27 B [ suswindows; 1 [l M ||-& = >l I E | cessic g »
] ExarnplelibRF ascillator_ckt schem. .

40,0

o -0, 0

-56.8384dB

74.642dB

-140.0

S160.0

180.0

10 ! 1 CIE 1 CIE: 1 CI4 1 Cl5 1 ':'FJ
relative frequency (Hz)
imouse L: h: i

510112) | Trace: autput naise; ¥ £ sqrtiHz) (harmonic=1]; Context: fserversiscratchl3dfkamalispectrerftestcase151/RF_Daoc_Databas

14. Next, plot the Instance output for the largest noise contributor above (It is the -1 sideband
in this case). This will show which components contribute the most noise at the output.
In the Direct Plot Form, first set the Plotting Mode to New Win then select Instance
Output. Verify that the Signal Level is setto V/sqrt(Hz). Set the Modifier to dB20. Select
the -1 Output sideband. In the Filter section, select Include All Types. In the Truncate
section, enter 3 in by top number of instance output. The Direct Plot Form should look
like the one below:
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Figure 3-101 Direct Plot Form for Plotting Instance Output for Noise Contribution

of instances

= Direct Plot Form ]
Platting Mode Mew Win n
Analysis

s/ hb — hbnoise

 tstab |3 hbnoise separation |

MNoise Type

w USBE o LSB o AM |& PM

Function

« Sideband Qutput | ® Instance Qutput

— Source Output  Instance Source

« Primary Source . 5rc. Noise Gain

Moise contrib. af instance e.g. bjt mos to out

Currently, anly sideband data is available

Signal Lewel & V/sgrifHz) |\ V¥*2/ Hz

Maod ifier

— Magnitude & dB20

Output Sideband

2 —
Filter
Include All Types diode
_— inductor
Include MNone b-Tt_
resistor
S |
include inst. Select Clear
b
exclude inst. Select Clear
—_—
Truncate
by top 3 number of instance output

Add To Outputs | —
—_—

> Press plot button on this form...

rose T
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15. Click Plot. The plot is displayed. There are three plots for the top three noise contributors.

Figure 3-102 Plotting Output Noise Top Instance Contributors

Eile Edit Miew Graph Axis Trace Marker MWgasurements Tools Window EBrowser Help cédence
IF-B-> d SMmlse « % © B x| A A Qs ey @l
o &7 B [0 suswingowsi_ 1 (@l | » i 1 Jlcsssc B>
] ExarnpleLibRF oscillator_ckt scherm... Ll ExarmpleLibRF ascillator_ckt scher...

-50.0

o -a0,0

120,00

=150.0

-170.0

-190.0

210.0

[ TTITIm T TTITI T IO T PO T I T T T T T TTTm]

10t 1d”
relative fregquency (Hz)

limouse L: hA: R:

ST(112) | Trace: output noise; ¥ f sqriiHz) {inst=00); Context: fcerversiscratch03/kamal/cpectrerftestcase151/RF_Doc_Databas J

16. If you hover your mouse over a particular trace, it will show which instance contributes
the most amount of noise. Above, the red line represents the noise contribution from the
instance QO (legend shown), the yellow line below represents the noise contribution from
instance R2, and the bottom green line represents the noise contribution from instance
DO.

17. Next, plot the Source Output so you can see which individual noise sources within the
circuit are contributing the most noise. In the Direct Plot Form, change the Function to
Source Output. Select Signal Levelto be V/sqrt(Hz). Set the Modifierto dB20. Leave the
Output Sideband at -1. In the Filter section, select the Include All Types option. In the
Truncate section, type 3 in the by top field. The Direct Plot Form should look like the
one below.
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Figure 3-103 Direct Plot Form for Plotting by Top 3 Source Noise Contributors

=

Direct Plot Form

|5

Plotting Mode
Analysis

W/ hb o

Noise Type

Function

Signal Level

Modifier

— Magnitude

Mew Win n

hbnoise

< o [ oo
— USE _ LSB \_,AM

put . Instance Output

« Instance Source

« Src. Noise Gain

Moise contrib. of instance e.g. bjt mos to out

Currently, only sideband data is available

&V /sgrifHz) | o VE#E2 /S Hz

& dB20

Cutput Sideband

Filter

Include All Types

Include Mone

include inst. Select Clear
exclude inst. Select Clear

Truncate

by top 3 number of instance output

Add To Outputs  —
g ey

= Press plot buttan on this form...

Cl !

18. Plot the source output so you can see which individual noise sources within the circuit
that are making the most noise.
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Figure 3-104 Top 3 Source Noise Contributors

File Edit ¥iew Graph Axis Trace Marker Megasurements Tools wWindow Browser Help (édence
I=f - - S Eals b 0 B % | & QA » ey BT
|| p#* &7 = OO subwindows{ 1 @[l e A || [ = | R - B

"] ExampleLibRF oscilla. .

L] ExampleLibRF oscilla... = ExarmpleLibRF oscilla... . ExarmpleLibRF oscilla...

40,0
— output noi

...ut
ot
B utno

-240.0

[ TTTm T TIIm T T T I T IO T TTT T T TTTTm]

107 1d°
relative frequency (Hz)

Jimouse L: ha: F:

S52(116) | Trace: output noise: W f sqri(Hz) (src=00.ib): Context: fserversiscratch03fkamalispectrerftestcase151/RF_Doc_Databas

19. Note that the top three Source Output contributors are displayed in the legend on the left
side of the graph: QO:fn, R3:rn and QO:ib. Here “in” is the flicker noise, “ib” is the base
current shot noise of BJT and “rn” is the resistor thermal noise. See Chapter 3 in this
guide for more information on the various noise parameters.

20. In the Direct Plot Form, click Cancel.
21. In the ViVA window, choose File - Close All Windows.

Noise Summary Table

This table provides the list of noise contributors based on the selections made on the Noise
Summary Table form.

1. In ADE Explorer, select Results -Print - Noise Summary.

September 2023 212 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in

ADE Explorer Workshop

Figure 3-105 Print Noise Summary in ADE Explorer

Wirluoso® ADE Exploner Editing: Examplelib®F oacillator_ckl maesto
Laundli  Senuon  Sefup  Analyses Varlbles  Qutputs ym..ar.onmlo” [AD  ParasnculDE Wedow  Melp

cadence |

Bodli: 8RO DBy o RS
mg_—_?_{’_?‘! - godlalon e | i

Hame | Walue 1 Mame |

' .
-] - 5
d EnsmpleloRF cacinster ekl
@ Semulator spectre
= Aratyies
WhE 1G4 feolectse FL Tl
o Pbnese 53 9000 3 Asut Th

1 Dwugn Varabiles Sgea

A o i Paramesers

il 3 ] Coeneri

71 | Rehabiény Anatyaes

5 W Manie Carle Semgling
| | Checitasety

msna L
w3 | Hoise Summary

Rewwky ExplaresfunD | ExampleLibts ascils

Fmow x>

tor ¢t wharmatic | Smulabsr spedine api Batch ]

The Results Display Window and Noise Summary form are displayed. The Results

Display Window will currently be blank, as shown below:

Figure 3-106 Results Display Window

Results Display Window |
Window Expressions Info  Help

cadence |

| =

[
13| |

-

The Noise Summary form is shown below.
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Figure 3-107 Noise Summary Setup Form

= Noise Summary &

Data from | NBnoise_pm n

Print the output noise of "hbnoise_pm-(out 0) analysis

Type % spotnoise | _ integrated noise noise unit V"2

Frequency SpotiHz) 10K

FILTER

hierarchy level J

Include All Types

diode
inductor

bjt
resistor

Include Mone

include instances Select Clear
—_

exclude instances Select Clear
_

TRUNCATE & SORT

truncate by number n top |10

sart by & noise contributors __ composite noise  __ device name
@& e sppy  Hep

2. In the Noise Summary window, set Data from as hbnoise_pm.

3. Set Type as spot noise.

4. Set Frequency Spot (Hz) to 10K. In spot noise, you will be looking at the noise at one
frequency.

5. Click Include All types in the Filter section. This will include the noise contributions from
all devices including resistor, inductor and so on.

6. Inthe Truncate and Sort section, enter 10 in the top field. The top 10 noise contributors
in the Results Display window are displayed.

Note: You can shorten your noise summary either:

Q by number - that is, by specifying the highest contributors to include in the
summary,

or

Q by relative threshold - that is, by specifying the percentage of noise a device must
contribute to be included in the summary,

or
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Q by absolute threshold - that is by specifying the level of noise a device must
contribute to be included in the summary.

7. Click OK.
The noise summary results are displayed in the Results Display Window, as shown
below:

Figure 3-108 Noise Summary Results Display Window

Results Display Window

Window Expressions Info  Help céden(e !
Device Param Noise Contribution % Of Total
/qo n 2.,B9592e-06 92 .35

/qo ib 1.69176e-07 5.40

/qo ic 2., 90666e-08 0.93

/R3 rn 1.75105e-08 0.56

/RO rn 9, BBBGGe-09 0,32

/R rn 9, 74159e-09 0.31

/R2 rn 1.8BB6Be-09 0.06

/qo rb 1.44218e-09 0.05

/RB rn 6.61067e-10 0.02

/RS rn 1.65267e-10 0.01

Spot Hoise Summary (in V*2/Hz) at 10K Hz Sorted By Noise Contributors
Total Summarized Noise = 3.13571e-06

HNo input referred noise available

The above noise summary info is for hbrnoise_pm data

(]|
13 | HelpAction j

The Results Display Window lists the individual contributors, the specific noise
mechanism within the semiconductors causing the noise, and the noise contribution. The
Total Summarized Noise is shown at the bottom of the Results Display window. Since
there is no Input Source present, so there is no input referred noise available. This is
usually the case for oscillators.

Note that the output noise include the noise from all the noise contributors, and not just
the contributors in the form.

8. In the Results Display Window, select Window - Close to close the window.
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9. Close the Analog Design Environment window by selecting Session - Quit.

10. In the Schematic window, choose File - Close.

In this section, one of the key measurements of Oscillator design, that is, phase noise
measurement was explained along with obtaining the noise summary.

Next, you will perform Swept HB measurements, that is Tuning Voltage vs. Oscillation
Frequency and Phase Noise vs. Tuning Voltage Measurements.
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Oscillator Swept Tuning Range and Phase Noise
Measurement

In this section, you will sweep the oscillator tuning range while running multiple HB/HBnoise
analyses. This will give the information about phase noise vs. tuning range.

Opening the Oscillator Circuit in the Schematic Window

1. In CIW, select File - Open.

Figure 3-109 Virtuoso CIW Window - Opening Cellview
Virtueso® 6.1.8-64b - Log: /imp/CDNS_jommy.log

m Tools Options Help cadence
tory: 'Jfservers/scratch50g/jommy/adeTest
[ —
New F_Doc_Database/share/gpdk180_v3.3/11bs . 0a2:
Open... not exist
- in libFile '/servers/scratch50g/jommy/adeTest £
Impart * IF Doc Databasescds.lib' for Lib 'substratelib’
Export » —
Refresh... m A
Make Read CQnly... I - R:
=1

The Open File form is displayed.
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Figure 3-110 Open File Form to open the oscillator_ckt cell’s Schematic View.

Open File
File
Library  [ExampleLibRF [~ -
: 4_inv_tbl
Cell oscillator_ckt DIFF_INY
INV
- f RC_Oscillator
view schemate n VC_Ring_Osc_Diff
Type schematic cascode
db_mixer
Browse db_mixer_xmit
- - invlx
InaSimple
Application opamp
_ n oscillator_ckt
=l = sh_fet_test
_ Always use this application for this type of file

Cpen for ® =dit

— read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds . lib

€@ oot e

Select ExampleLibRF from the Library drop-down list.

In the Cells field, type oscillator_ckt.

Choose schematic from the View drop-down list.

In the Application section, select Schematic L from the Open With drop-down list.
Leave Open Forto Edit (which is set by default)

Click OK.

N o g 0 DN

This will open the oscillator_ckt schematic in Virtuoso Schematic Editor L window.
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Figure 3-111 Oscillator Schematic in VSE-L Window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic
Launch File Edit Wiew Create Check Options Window Help cadence
. - - ] P
U o et e kg x O T ¢ BT -Z-FB-IQQ G E B L1 .
- = = 2 " -
it BE & [ M Iy 0y T 5 o bl
Navigater T8 x
Schematic
oscillador_chct
~ DBJECTS
All
Instances 4
Nets 1
Pins
Nets and Pins
* GROUPS
Cells
Types
+ o
| Property Editar 7.8 |

mouge L: schSangleSelectPi)
203)

B
M deOpeni) R schHiMousePopUp()

cma: Set0 |

Setting up the HB and HBnoise Analysis

1. In the Schematic Window, select Launch - ADE Explorer.
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Figure 3-112 Opening ADEL window from VSE window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic
File Edit View Create Check Options Window Help

ADE L i — — — - —
;DE XL I # 0 WX O T ¢ R~T =2 = ~||W & &
ADE GXL Basic n‘:'_'lu Z'_:ﬂ % ,'.]ﬁ 'L% -ﬂ} | -ﬁs Q-

ADE Explorer 7@ :.:| - A

ADE Assembler

Layout XL

Layout GXL

Layout EAD 24
Schematics L n

Schermatics XL

Peell IDE

Power Manager

Eluglns F

2. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.

Figure 3-113 Create new ADE Explorer view

Create new ADE Explorer view

File
Library ExampleLibRF [~ |
Cell oscillator_ckt
Wiew maestro
!||.|I 10 ]
Application

ADE Explorer
— Always use this application for this type of file

Library path file

'spectreRFtestcase/RF_Doc_Database/cds.lib

Openin 8 pewtab . currenttab o new window

€D oo el

3. Leave each option to the default selections and click OK.
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ADE Explorer is displayed, as shown below.

Figure 3-114 Virtuoso ADE Explorer

Virtuoso® ADE Explorer Editing: ExampleLibRAF oscillator ckt maestro

Lounch Session Selup Analyses Variables OQulputs Simulstion Results Tools FAD PasasticwlDE Window Help cad
ill—'_- @ [ .’_'“ 27 '@.:I-' :}u L—-_I i " l:% Replace .u,llmn '% T
| setup 7 8% - oscillator_ckt = maestra
Name | Value | Hame | Type | Details | Plot | Save | Spec

§ ExampleLibAF oscillabor_cid:1
'E; Smulator spectre
2@ Arailyses

2 Dessgn Variables

B viune 15

o _{ﬂ Parameters
H ¢ “ Corners

= | Relisbility Analyses

& _ & Maonte Carlo Sampling
# |_ Checka/Asserts

miouse L K
Al

4. Select Setup - Simulator in the ADE Explorer

ExamalelibRF occillator okt schemnatic | Smolster: sn

The Choosing Simulator form is displayed.

Figure 3-115 Choosing Simulator Form
Choosing Simulator — ADE Explorer

Simulatar
@D el Appy  Help

5. Select spectre as the Simulator.

6. Click OK to close the Choosing Simulator form.
7. In ADE Explorer, select Setup - High Performance Simulation.

The High Performance Simulation Options form is displayed.
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Figure 3-116 High Performance Simulation Options Form
High-Performance Simulation Options

Simulation Performance Mode

— Spectre X _ XP5M5

General

Accuracy + Speed
Error Preset: ® Donotoverride . Liberal _ Moderate . Conservative

APS Options

Use ++aps:

Multi-Threading

& Auto o Disable o Manual

Post-Layout Settings

Enable Post-Layout Optimization: -

Instance Preservation: 2 MNone o Selected

m _ Lancel | Defaults | Apply | Help

8. In the High Performance Simulation Options window, select APS.

Note that Auto is selected for Multithreading options. The effect of this is to detect the
number of cores on the system (up to 64) and then multi-thread on all the available cores.
Usually, it is better to specify the number of threads yourself. Small circuits should use a
small number of threads, and larger circuits can use more threads. The overhead of
managing 16 threads on a smaller circuit may actually slow the simulation down,
compared to two or four threads. Use the number of threads that maximizes the
performance.

9. Click OK to close the High Performance Simulation Options form.

10. In ADE Explorer, select Outputs - Save All.
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The Save Options form is displayed.

Figure 3-117 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —
Select signals to output (save) _ none __ selected _ IWlpub _ vl & allpub _ all

Select power signals to output (pwr) __ none __ total __ devices __ subckts __ all

Set level of subcircuit to output (nestlv

Select dewice currents (currents) __ selected __ nonlinear __ all __ none

Select AC terminal currentsuseprobes) _ yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) __ selected __ all
Transient Time Window Options

— Transient time window save options . line Setup

_—
Save circuit information analysis
MName | What Where File Extremes Others |Enab|ed|

modelParameter models rawfile I
element inst rawfile I
outputParameter output rawfile I
designParamVals parameters rawfile I
primitives primitives rawfile I
subckts subckts rawfile I
asserts assert rawfile w
extremeinfo all logfile yes w
<Click_To_Add= naone rawfile el
Detail: (nede J Sort; (name J Threshold

Output Options
Tintnnt Earmmat p— —-— e Eoan

11. In the Select signals to output (save) section, make sure that allpub is selected.

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.
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To save the currents, use the Select device currents (currents) option, and select
nonlinear if you just want to save the device currents, or all if you want to save all the
currents in the circuit. When you save currents, more disk space is required for the
results file.

12. Click OK.
13. In ADE Explorer, select Setup - Simulation Files.

The Simulation Files Setup form is displayed, as shown below.

Figure 3-118 Simulation Files Setup Form

spectrel: Simulation Files Setup

Vector Files

|Files/Paths Options
El- Include Paths

-~ __|=Click here to add a path=
L1- Definition Files
i % _<Click here to add a file>
L1 Stimulus Files
i % _<Click here to add a file>
L1- Parasitic Files (DSPF)
i % _<Click here to add a file>
L1- Parasitic Files (SPEF)
i % _<Click here to add a file>
[} PSpice Files

L _|«Click here to add a path>

i
14. In the Simulation Files Setup form, enter ./ by clicking in the Include Paths section.
15. Click OK to close the Simulation Files Setup form.

16. Select Setup — Model Libraries.The Model Library Setup form is displayed.
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Figure 3-119 Model Library Setup Form

= spectrel: Medel Library Setup

|

|Model File Section |
B+ Global Model Files

i o models/modelsRF.scs W

sharefgpdk180_v3 3/models/spectrefgpdk scs
-|:| =Click here to add model file> _

_—

7

_—

*

_—

Cancel Apply Help

17. In the Model File field, type the path to the model file including the file name, as follows:
models/modelsRF.scs
You can also browse to the modelsRF.scs file.

18. Click OK to close the Model Library Setup form.

19. Select Analyses - Choose.

The Choosing Analyses form is displayed.
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Figure 3-120 The Choosing Analyses Form
Choosing Analyses — ADE Explorer

Analysis ® tran — dc — ac — hoise
s XF — SENS — dcmatch . acmatch
— Ssth / pZ - If — Sp
— emvlp o pss — pac — psth
— pnoise . pxf — psp — pss
— qpac — qpnoise . gqpxf — qpsp
— hb — hbac — hbstb — hbnoise
— hbsp — hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

_ Transient Noise

Dynamic Parameter

Enabled __ Cptions...
— — 4
m _ Cancel | Defaults | Apply | Help

20. Select hbin the Analysis section. The form expands.
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Figure 3-121 The Choosing Analyses Form - Setting hb analysis

Analysis — tran — dc — ac -~ hoise
o uf — BENS — dcmatch o acmatch
— stb — pz — 5P — envip
— P55 — pac — psth — phaise
— puf — psp — Opss — fqpac
~ gpnoise i qpxf ~ Qpsp % hb

— hbac — hbnoise . hbsp
Harrmaonic Balance Analysis
Transient-Aided Options

Run transienty ([Pecide autarmnatically n

Detect Steady State L4 Stop Timeitstab)

Save Initial Transient Results (saveinit) _ ho __ yes

Cynarnic Parameter

Tones 2 Frequencies - Marmes
Murnber of Tanes &1 2 w3 w4
Tane 1

Fundarental Frequency

Murnber of Harmaonics auto

Oversample Factor 1

Freqdivide Ratio for Tone 1 1

Harmaonics  (Default n

Accuracy Defaults (errpreset)

_ conservative ¥ moderate _ liberal

Qscillatar —

SwWeep el
Loadpull el
L=SP bl
Carmpressian el

Enabled Options..

m Cancel Defaults Apply Help
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21.

22.

23.

24.
25.

26.

27.

28.
29.

30.

In the Transient-Aided Options, leave Run Transient? as Decide automatically which
is set by default.

The other choices for this option are Yes and No. If Yes is selected, then the Detect
Steady State option becomes active and the Stop Time(tstab)field is also activated. This
means that you can decide whether you would like the Steady State to be detected
automatically during the transient run or not and also specify a Stop time(tstab) for that
transient run. When you select the checkbox for Detect Steady State option, this will run
tran until steady-state is detected and then switches to hb.

Select yes for the Save Initial Transient Results (saveinit) option. This will help in
visualizing the buildup of the oscillation waveform.

Select Frequencies in Tones section (This is selected by default). The other option is
Names. The Names option when selected, is similar to the pss Harmonic Balance
analysis setup.

Enter 1.7G in Fundamental Frequency field.
Set the Number of Harmonics option to 20.

When Number of Harmonics is set to auto, the simulator calculates tone-1 harmonics
automatically. The calculation is based on Fourier analysis of transient steady-state
waveforms.

Leave the Oversample Factor option to 1 by default. Since the oscillator has sinusoidal
waveforms, an oversample of 1 is appropriate.

Set the Freqdivide Ratio for the Tone 1 optionto 1 as there is no frequency divider in the
circuit. If there is a frequency divider in the circuit then you need to set the Freqdivide
Ratio for Tone 1 to the divide ratio of the divider. For example, if the divider is divide-by-
two then the divide ratio is 2. Therefore, you will set Freqdivide Ratio for Tone 1 to 2.

Leave the Harmonics option as is which is set to Default.

In the Accuracy Defaults (errpreset) section, select conservative. conservative is
typically used because very small amplitude phase noise measurements are normally
desired. Conservative is recommended for all the oscillators.

Select Oscillator. This is required for simulating an autonomous circuit.
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Figure 3-122 The Choosing Analyses Form - Oscillator Section

i W
Oscillator ¥ Oscillator node+ || =elect

Qecillatar node- select

I

Calculate initial conditions {icy automatically
—  Enable tuning mode analysis

_ Usethe probe-based solution method

Selecting the Oscillator button changes the Tone1 name in the Tones section to osc!.

31. In the Oscillator section, in Oscillator node+ field, click Select just to the right of this
field. In the schematic, select the out node. Instead of selecting the node from the
schematic you can also type /out in the Oscillator node field. This oscillator node will
be used by Spectre for the period calculation of the oscillations. It just needs to be a node
that has the oscillator signal on it.

32. Leave the Oscillator node- blank.

Note: If you have a single-ended oscillator, only specify one node. If the second node,
that is, Oscillator node- is left blank, it will be connected to the global ground node
automatically. However, if you have differential oscillator, you need to specify both the
nodes.

Figure 3-123 Selecting out net from the schematic

£ Leoad .

33. If you have an LC oscillator, leave the Calculate initial conditions (ic) automatically
checkbox selected (this is the default).

Note that Calculate initial conditions (ic) automatically is used to start the oscillator. Other
methods to start the oscillator include putting a single current pulse into the resonator,
setting initial conditions(ic), or ramping up the power at time = zero plus.
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34. Note that by default Use the probe-based solution method (oscmethod) option is
deselected. Spectre will use the onetier method. In onetier method, the frequency and
voltage spectrum are solved simultaneously in one single set of nonlinear equations.
Note: When Use the probe-based solution method option is selected/enabled, it
iterates for the frequency solution in the outer loop and the amplitude and phase solution
in the inner loop. The probe-based method has better convergence but is computation
intensive.

Refer to Spectre Circuit Simulator RF Analysis Theory for more details.

35. Click Sweep. This will enable the sweeping of tuning voltage (in this case it is named as
vtune) which is explained below.

36. Click Select Design Variable. The Select Design Variable window is displayed, as
shown below.

Figure 3-124 Choosing vtune in Select Design Variable Form during HB Analysis
setup
Select Design Variable
vtune
m . Cancel e Help )

37. In the Select Design Variable window, select vtune.

38. Click OK to close the Select Design Variable form.

39. In the Sweep Range section, type 0. 2 in the Start field.

40. Type 3.4 in the Stop field.

41. By default, the Sweep Type is set to Linear.

42. Type 0.4 inthe Step Size field.
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The Choosing Analyses form should like the figure below:

Figure 3-125 Choosing Analysis Form - swept hb Analysis Setup
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Click Apply at the bottom of the Choosing Analyses form. This will add hb analysis with

sweep setup in the Analyses section of ADE window, as shown below.

Figure 3-126 ADE Explorer Simulation Window - hb analysis setup
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Setting up the HBnoise analysis

This analysis is set to do the phase noise measurement. hbnoise analysis is a small signal

analyses run after hb analysis.

1. In the Choosing Analyses form, select hbnoise. The form expands.
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Figure 3-127 The Choosing Analyses Form - hbnoise Analysis Setup
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2. Set the Sweep Type to relative.
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For oscillators, the hbnoise/pnoise frequency range is relative. Specify the harmonic
number as appropriate for the system you are simulating. If you are simulating an
oscillator by itself, then the harmonic number is likely to be 1. If you have an oscillator
and a diode frequency doubler, then the harmonic number is likely to be 2. If you have
an oscillator with a frequency divider, in the hb/pss form, you should specify the
approximate frequency of oscillation for the frequency-divided signal. In the hbnoise/
pnoise form, if the noise is desired on the frequency divided output, then the relative
harmonic is 1. If the noise is desired at the output of the oscillator, the relative harmonic
number is the divide ratio. The meaning of relative is to take the frequency of the
harmonic number specified and add to it the frequencies specified in the Choosing
Analyses form. If the oscillator had a 1GHz output, and the pnoise had 1M relative to the
first harmonic specified, the actual output frequency is 1G + 1M, or 1001 M.

a. Type 1 in the Relative Harmonic field as you are simulating an oscillator by itself.
b. Select Single Point for Output Frequency Sweep Range.

c. Type 1M in the Freq Field. In general, the hbnoise frequency would be set as
appropriate for your application.

3. Leave the Maximum Sideband field blank.

In general, Maximum sideband needs to be set high enough to include all the
frequencies that could mix down to the oscillator output frequency. By default, it should
match the number of harmonics set in HB analysis.

4. Setthe Outputto voltage.

a. Type /out in the Positive Output Node field. You can also select out net from
schematic by clicking the Select button on the right of the Positive Output Node field
and then selecting the net just below the out label in schematic.

b. Leave the Negative Output Nodefield blank. If the second node, that is, the Negative
Output Node is left blank, it will be connected to the global ground node
automatically. However, if you have differential oscillator, you need to specify both
the nodes.
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Figure 3-128 Selecting out net from the schematic

5. Selectthe ALL(AM,PM,USB,LSB) option.

The Choosing Analyses form should look like the following:
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Figure 3-129 Choosing Analysis Form - hbnoise Analysis Setup
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6. Click OK to close the Choosing Analyses form.
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This will add hbnoise analysis along with hb analysis in the Analyses section of ADE
Explorer, as shown below:

Figure 3-130 ADE Explorer Simulation Window - hb and hbnoise analysis setup
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Running the simulation

Once finished setting up the hb and hbnoise analyses click the green icon P onthe right
of the ADE Explorer window or on the Schematic window to run the simulation.

Next, plot the results when the simulation is finished.
Plotting the results

First plot the oscillator output frequency.

1. In ADE Explorer, select Results - Direct Plot - Main Form.
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Figure 3-131 Swept hb and hbnoise Analysis Direct Plot Form
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2. Inthe Direct Plot Form, select New Win.

3. Select hb in the Analysis section. This is selected by default.

4. Select Harmonic Frequency in the Function section.
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5. Inthe Harmonic Frequency section, select the first harmonic. This will plot only the
change in first harmonic of the oscillation frequency vs. change in oscillator’s tune
voltage.

The Direct Plot Form setup should look like the following:

Figure 3-132 Swept hb Analysis Direct Plot Form Setup
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6. Click Plot.

The oscillator tuning range is plotted. You can see from the plot that as you increase the
tuning voltage, the oscillator frequency increases.
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Figure 3-133 Swept HB Measurement Plot - vtune vs. osc frequency variation plot
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7. Select File - Close All Windows to close ViVA.

Next plot the phase noise.
1. In the Direct Plot Form, select New Win.
2. Select hbnoise in the Analysis section.
3. Select PMin the Type section.
4. Select Phase Noise in the Function section.

The Direct Plot Form should look like the following:
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Figure 3-134 hbnoise Direct Plot Setup
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Currently, only variable data is available

Add To Outputs  — Plot
— — 4 — — 4
= Press plot button on this form...

5. Click Plot. This will plot the Single Sideband Phase Noise vs. Relative Frequency graph,
as shown below.
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Figure 3-135 Phase Noise vs. Relative Frequency Plot
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In the above plot, you have a graph of phase noise vs. relative frequency. Next, you will
modify the phase noise plot to provide more useful information. In the next few steps you
will plot phase noise vs. tuning voltage.

6. Inthe plot window, right-click one of the numbers on the X Axis, and select Swap Sweep
Var from the context menu.
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Figure 3-136 X-Axis - Right Mouse Button (RMB) - Object Menu
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7. In Select Sweep Varform which opens, select vtune from the Sweep Variables drop-
down list. Keep Plot Destination as New SubWindow.

Figure 3-137 Swap Sweep Var Dialog Box Window
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8. Click OK to close the Swap Sweep Var form.

The waveform tool draws a new subwindow.
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Figure 3-138 vtune vs. Phase Noise Plot

Eile Edit Wiew Graph Axis Trace Marker MWMeasuremments Tools MWindow Browser Help (é dEI'I ce
|||EI| - E L D = TL:fj "l » H Ej ® "l ‘-\' » || family n » 1 ::
|||,"‘ 2 3 00 subwindows: nl" w ||| » ||| ||| Classic n

] ExarnplelibRF oscillator_ckt s... 1] ExarnplelibRF oscillator_ckt s... l ExampIeleRF oscillator_ckts.. # |

Harmenic Balance Noise Response 1 M|phaseMNoise(1 "hb fd")

L] _ _
) -115.6 -115.6
+ _Hz, Relative Hal &1 "hb_fd™

\o He)

o
[=n]
=
w
w
.E -
=
w
w
o
=
=
[= 9

Phase Noise (dB

0.5 0.9 1.5
relative frequency (M viune

lirmouse L: M y
55(126) | Trace: swapSweepiphaseMaise(1 "hb_fd") "wtune") (relative frequency=1000000); Cantext: feerversiscrate J

If you look at the graph on the right, you will see that the phase noise is worse at the lower
end of the tuning range.

9. Inthe Direct Plot Form, click Cancel.
10. In the waveform window, choose File - Close All Windows.
11. Clean up the screen for the next set of measurements.
a. Close ADE Explorer by selecting Session - Quit.

b. In the Schematic window, select File - Close.
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Summary

In this section, Tuning Voltage vs. Oscillation Frequency and Phase Noise vs. Tuning Voltage
Measurements were done.
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Ring Oscillator Measurements

In this section, you will perform measurements on Ring Oscillator.

Starting and Stabilization of Ring Oscillators

To simulate a Ring Oscillator, it is recommended to use Shooting PSS analysis as they are
highly non-linear in nature. Recent improvements in harmonic balance allows ring oscillators
to be simulated in hb as well. In this case, set the oversample factor to 4. In the tstab interval,
or in the transient analysis, measure the fastest slew rate for the rising and falling edges, and
calculate the zero to 100% transition time based on this slew rate measurement. Set the
number of harmonics to at least the period of the oscillations divided by the transition time.
You can first start the oscillator by supplying initial conditions(ICs). You should choose initial
conditions such that a transient analysis displays the correct oscillation frequency (and
amplitude) at the output of the ring oscillator. This is the actual check that your initial
conditions are working to start the oscillator. As a suggestion, in a ring oscillator, you set the
output of one stage high or low. If the oscillator configuration is differential, then set the output
of 1 stage high on one differential net, and low on the other differential net for the same stage.

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 time, a value of 2-3
periods is recommended.

It is recommended to save the initial transient simulation results. This can be done by setting
saveinit=yes. You can use this to verify that the oscillator has started up and is stable.

In the case of Injection Locked Ring Oscillator where you apply a signal (vsource) to your ring
oscillator which causes the oscillator to oscillate at the injection frequency makes it a driven
circuit - as it is driven by the injection source. Thus, in this case, you do not use an
autonomous PSS analysis. In order to do that, you do not click the Oscillator option on the
PSS Choosing Analyses form for such oscillators. SpectreRF considers this type of circuit
a driven circuit and will error out if you click the Oscillator option on the PSS Choosing
Analyses form.

See Oscillators and Autonomous PSS Analysis in the Spectre Circuit Simulator RF
Analysis Theory for more information on oscillator simulation.

The Oscillator Circuit

This example computes the periodic steady state solution and the phase noise for the Ring
oscillator circuit shown in Figure 3-139.

September 2023 246 Product Version 23.1
© 1990-2023 All Rights Reserved.


../spectreRFTheory/chap1.html#firstpage
../spectreRFTheory/chap1.html#firstpage

Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

This is a four stage fully differential ring oscillator designed at 1.9GHz.

Figure 3-139 Schematic for the Ring Oscillator Circuit ringOsc_1900M
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Simulating the Oscillator Circuit
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Opening the Oscillator Circuit in the Schematic Window

1. In the Command Interpreter Window (CIW), choose File —> Open.

Figure 3-140 Virtuoso CIW Window - Opening Cellview
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The Open File form is displayed.
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Figure 3-141 Open File Form to open the testbench_1900M cell’s Schematic View
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Select ExampleLibRF from the Library drop-down list.

In the Cells field, type VC_Ring_Osc_Diff.

Choose schematic from the View drop-down list.

In the Application field, select Schematic L from the Open With drop-down list.
Leave Open Forto Edit (which is set by default).

Once all the setup is done, click OK.

® N o o » W Dbd

This will open the VC_Ring_Osc_Diff schematic in Virtuoso Schematic Editor L window,
as shown below:
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Figure 3-142 VC_Ring_Osc_Diff schematic in VSE-L Window
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Calculating the Steady-State Solution using PSS
Shooting Analysis

This example computes the periodic steady state solution for the VC_Ring Osc_Diff
oscillator circuit. You perform a PSS-Shooting analysis first because the periodic steady state
solution must be determined before you can perform any other periodic small-signal analysis,
such as pnoise to determine phase noise.

Setting up the PSS Analysis

1. In the Schematic Window, select Launch - ADE Explorer.
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Figure 3-143 Opening ADE Explorer window from VSE window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillater_ckt schematic

(EINTGN File Edit View Create Check Options Window Help

ADE Assembler
Layout XL
Layout GXL
Layout EAD 24
Schematics L n

Schematics XL

Pcell IDE

Power Manager

Plugins ]

2. Click OK in the Create new ADE Explorer view

ADEL i o T - =] S | =
ADEXL A O WX O ¢ AT =~ || =W &
ADE GXL Basic n = G 43 ,'.:Iﬁ 11% {E | L{% o

ADE Explorer 7 & )(l - A

form.

Figure 3-144 Create new ADE Explorer view Form

Create new ADE Explorer view

File
Library ExampleLibRF [~ |
Cell C_Ring_Osc_Diff
View maestro
!||.|I sLEO
Application

ADE Explorer
— Always use this application for this type of file

Library path file

'spectreRFtestcase/RF_Doc_Database/cds.lib

Openin & pewtab . currenttab o newwindow

(o« JETINDIN-CTE

ADE Explorer Window opens, as shown below.
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Figure 3-145 Virtuoso ADE Explorer Window

Virleoso® ADE Explorer Editirg: ExamplelibRE W Ring One_DW maeitng

Launch Sewson Setgp Analyses Warsbles Owipuis Smubsign Besiis Took [AD ParssnicolDE  Window Help cadence
" ] - Sp— TR E 7
B glEs st e iRl B RS
| satup TBX| e forg Ose Dt = marire -
Hame Walur ] Type Deetmis Pioa | Sve Spet E}_-
ExampheLindF VE_Ring Oae_ DT 1 A
@ Smuster specre .
= Q% Anatysen X
& Ceagn variabies g
=
# i Pararme teri
9 c e
Gl

LIS L M R
R ExampleLib&F ¥_Rng Om_DoT schemans: | Simulsmer: speare [

3. Select Setup — Simulator.

The Choosing Simulator form is displayed.

Figure 3-146 Choosing Simulator Form
Choosing Simulator — ADE Explorer

simuiator  epectre. @
m _ LCancel | Apply | Help

4. Select spectre from the Simulator drop-down list.
5. Click OK to close the Choosing Simulator form.
6. Set up the High Performance Simulation options.

In ADE Explorer, select Setup - High Performance Simulation. The High Performance
Simulation Options form is displayed.

In the High Performance Simulation Options form, select APS. Note that Autois selected
for Multithreading options. The effect of this is to detect the number of cores on the
system (up to 64) and then multi-thread on all the available cores. Usually it is better to
specify the number of threads yourself. Small circuits should use a small number of
threads, and larger circuits can use more threads. The overhead of managing 16 threads
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on a smaller circuit may actually slow the simulation down, compared to two or four
threads. Use the number of threads that maximizes the performance.

Figure 3-147 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Mode — Spectre !A — Spectre X . XPSMS

General

Accuracy + Speed
Error Preset: ® Do notoverride . Liberal . Moderate . Conservative

APS Options

Use ++aps: e

Multi-Threading

% Auto o Disable o Manual ¢t Thread

Post-Layout Settings
Enable Post-Layout Optimization: -

Instance Preservation: 2 Mone . Selected

m _ Cancel | Defaults | Apply | Help

7. Click OK to close the High Performance Simulation Options form.
8. Select Outputs - Save All.
The Save Options form is displayed.

9. In the Select signals to output(save) section, make sure that allpub is selected.
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Figure 3-148 Save Options Form

Basic | Save By Subckt

Save Options

Save Options —
Select signals to output {save) _ none __ selected _ lvlpub _ v ¥ allpub __ all
Select power signals to output (pwr) __ none __ total __ devices __ subckts __ all
Set level of subcircuit to output (nestlvl)

Select device currents (currents) __ selected __ nenlinear __ all __ none
Select AC terminal currentsuseprobes) _ yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) __ selected __ all
Transient Time Window Options

__ Transient time window save options o line Setup,

e
Save circuit information analysis
MHame | What Where File Extremes Others |Enab|ed|

modelParameter models rawfile I
element inst rawfile I
outputParameter output rawfile I
designParamVals parameters rawfile I
primitives primitives rawfile I
subckts subckts rawfile I
asserts assert rawfile w
extremeinfo all logfile yes w
<Click_To_Add= naone rawfile el
Detail: (nede Sort; (name Threshold

Output Options
Output Format _ sst2 __ psf __ psfwith floats & psfxl __ fsdb - |

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.

To save the currents, select the Select device currents (currents) option, and select
nonlinear if you just want to save the device currents, or all if you want to save all the
currents in the circuit. When you save currents, more disk space is required for the

results file.
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10. Click OK.
11. Select Setup - Simulation Files.

12. Inthe Simulation Files Setup form which gets opened, enter ./ by clicking in the Include
Paths section. The form should look like the following:

Figure 3-149 Simulation Files Setup Form

spectrel: Simulation Files Setup

|Files/Paths |options |

E}--Include Paths
7 } I,
- _|<Click here to adda path=
C}- Definition Files
__ =Click here to add a file>
[}~ Stimulus Files
__ =Click here to add a file>
C}- Parasitic Files (DSPF)
__ =Click here to add a file>
[}- Parasitic Files (SPEF)
__ =Click here to add a file>
[1- PSpice Files

=Click here to add a path=

13. Click OK to close the Simulation Files Setup form.
14. Select Setup - Model Libraries.
The Model Library Setup form is displayed.

15. In the Model File field, type the path to the model file including the file name, as shown
below.

share/gpdkl180_v3.3/models/spectre/gpdk.scs.
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Figure 3-150 Model Library Setup Form

= spectre5: Model Library Setup &
|Model File Section
El- Global Model Files S
i _|models/fmodelsRF.scs -
il wf|sharefgpdk180_v3 3/models/spectre/zpdk scs
[ W|=Click here to add model file> _ <L
—
=
®
—_
o I

You can also browse to gpdk.scs file and then set the Section to stat.

16. Click OK to close the Model Library Setup form.

17. Click Analyses - Choose...

in ADE Explorer.

The Choosing Analyses form is displayed.
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Figure 3-151 The Choosing Analyses Form
Choosing Analyses — ADE Explorer

Analysis ® tran s dc — ac — noise
s XF — SENS — dcmatch . acmatch
s Sth s pZ s If s 5p
— envip . pss — pac — psth
— pnoise . pxf — psp — (qpss
— Qpac — gqpnoise . qpxf — Opsp
— hb — hbac — hbstb — hbnoise
— hbsp  hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

— Transient Noise

Dynamic Parameter

Enabled __ " Options...

m _ Cancel | Defaults /| Apply /| Help

18. In the Analysis section, select pss. The form expands, as shown below.
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Figure 3-152 The Choosing Analyses Form- Setting PSS Analysis

— envip — pac — pstb

— pnoise . pxf — psp — qpss

— qpac — gqpnoise . qpxf — qpsp
— hb — hbac — hbstb — hbnoise
— hbsp  hbxf

Feriodic Steady State Analysis

Engine ® Shooting

B

Harmonic Balance

Fundamental Tones

I.‘-.i Name Expr Value S5ignal Srcld

| !_arge n

Clear/Add Delete Update Fram Hierarchy

& Beat Frequency Auto Calculate

. BeatPeriod

Cutput harmonics
Mumber of harmonics n

Accuracy Defaults (errpreset)

__ conservative __ moderate __ liberal
Transient-Aided Options

Runtransient? ® Yes _ Mo . Decide automatically

Detect Steady State L Stop Time (tstab)

Save Initial Transient Results (saveinit) . no __ yes

Dynamic Parameter

Oscillator  __
Sweep -
Mew Initial Value For Each Point (restart) _ no __ yes
Loadpull e
Enabled __ Cptions...

m _ Gancel  Defaults  Apply  Help

19. In the Engine section, verify that Shooting is selected (this is the default).

20. In the Beat Frequency field, type 1. 9G. The frequency entered here is an approximate

frequency of oscillation.
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21.

22.

23.
24.

25.

26.

27.

In the Number of harmonics field, type 20.

In general, you want to choose a number that is high enough to capture the nonlinearity
of the circuit.

In the Accuracy Defaults (errpreset) section, select conservative.

conservative is typically used because very small amplitude phase noise measurements
are normally desired. conservative is recommended for all oscillators.

Select yes for Run Transient.

Type 2n in the Stop Time (tstab) field. tstab is typically set to about 2-3 periods of the
oscillation frequency for ring oscillator circuits. The tstab should be long enough so that
the oscillator must reach near the steady-state behavior during this phase of simulation.
This would result in better convergence.

Select yes for Save Initial Transient Results. This will help in visualizing the buildup of the
oscillation waveform.

Select the Oscillator option. This is required for simulating an autonomous circuit. The
oscillator section expands, as shown below.
Figure 3-153 The Choosing Analyses Form - Oscillator Section

Occillator

Cscillator node+ {Intd Select

| S—
Oscillatar node- Select

[ ——_

— Calculate initial conditions {ic) automatically

—  Enable tuning mode analysis

In the Oscillator node+ field, click Select to the right. In the schematic, select the Int4
node. This oscillator node will be used by the simulator for the period calculation of the
oscillations. It just needs to be a node that has the oscillator signal on it.
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Figure 3-154 Selecting Int4 net on schematic

28. Deselect the Calculate initial conditions (ic) automatically checkbox. This is because
selecting this checkbox only works for feedback oscillators while ring oscillator is not a
feedback oscillator. Therefore, selecting this checkbox will not be able to find an

oscillatory state for ring oscillator.

The Choosing Analysis form should look like the following:
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Figure 3-155 Choosing Analyses Form - PSS-Shooting Setup

Analysis e tran e de o ac ‘' noise —
s SENS ‘o dcmatch o acrnatch
w pz 5P o ehvlp
e pac ‘o pstb ' pnoise
o puf ' psp ' gpss ' gpac

‘s gpnoise o gpuf w gpsp ' hb

' hbac ' hbnaoise . hbsp

Periodic steady State Analysis

Engine ® shooting o Harrnonic Balance

Fundamental Tones
I# Name Expr Value Signal SrcId

| Larze n

Clearfsdd Lelete Update From Hierarchy

® BeatFrequency | —————————
1.96 Auto Calculate

s BeatPeriod

Cutput harmonics
|Number of harrnonics n 28

Accuracy Defaults (errpreset)

¥ conservative | _ rmoderate _ liberal

Transient-Aided Cptions

|Runtransient? ® ves| o Mo ‘o Decide automatically

Detect Steady State  — letop Time ftstab) 2n |

Save Initial Transient Results (saveinit) — ho

Dynamic Parameter

Oscillator &

Cscillator node+ JInt4 Select
Cecillator node- Select

I_ Calculate initial conditions {ic) autornatically I

_ Enable tuning made analysis

m Cancel Defaults Apply Help

29. Click OK.
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This will close the Choosing Analyses form. In addition, this will add the pss analysis
in the Analyses section of ADE Explorer, as shown below:

Figure 3-156 ADE Explorer Simulation Window - PSS Analysis

Virtucso® ADE Explocer Editing: ExampleLbRF VC_Ring Osc_Diff maestro
Laundh  Sewucn Setup  Analyses Naribdes Quipuss Bmelabion Resuks Tosls [AD  PapsutiuDd

B el e 00 iRl B D583

cadence

| Seiwp T8 E| v R O Dt = s -
Hame Wslue Mame | Type | Detaii Pial | Save Spec ﬂ_
EnsmpleLinRFAE Rirng Bri_Bi¥ 1 Fa
o
@y Sevulstor specre
=iy anatyses b4
FEm 19630
>
=il Desgn warabies | |
ol Pa b
7 = Cornevs

) | Relisbiny Analynes
i) T Wsate Carls Samplng
¥l _ Onetiesifaserrs

Mo L
AW} | Iressne PR

Setting initial conditions forces the circuit to a specific state at the time zero timepoint,
and then removes that force after the time zero point is calculated.

In this case, we will set one stage of the oscillator so that one differential output is high,
and one differential output (in the same stage) is low.

This defines all the nodes in the circuit, and the nodes that are connected to the nodes
that are forced are pulling as hard as they can to get the forced nodes to change to the
other state. When the forcing condition is removed, this action starts the oscillations.

Set the initial conditions by choosing Simulation - Convergence Aids - Initial
Condition in ADE Explorer, as shown below -
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30.
31.
32.
33.
34.

Figure 3-157 PSS Analysis - Setting Initial Condition in ADE

Virtuoso® ADE Explorer Editing: ExampleLibRF VC_Ring_Osc_Diff maestro

Launch Session Setup Analyses Variables Outputs

cadence

|imouse L:

Results Tools EAD ParasiticsLDE  Window Help
| & g2 | < = | @l b= i J| © neurstana run | reone) n@ 1
Setup FEX| wmyg Run bestro 3 -
Hame | Value Nal & 0P Details | Plat | 5”:
1 ﬁf ExampleLibAFNC_Ring Osc Diff:1 R&sumie é ) |
@, Simulator spectre Run Preview
= %’- AMIYMS.1 5620 Eﬁll Control x
55 . fintd
“P Options r >
= & Design Variables Hetlist » -
Cutput Log
= 1 & Parameters lintariLog [
S s
= | Reliability Analyses " Mode Set .
] iagnaostics
: @ Montz Carlo Sumpllng Initial Candifion
4 _ ChecksiAsserts -
( . [T )
M i

The Select Initial Condition Set form is displayed.

Type 0 (zero) in the Node Voltage field.

Select Int4_Bar node in the schematic. Note that the node highlights in the schematic.

Click Apply.

Type 3.3 inthe Node Voltage field.

Select the /nt4 node in the schematic. Note that the node highlights in the schematic.

The populated Select Initial Condition Set dialog box would look like the following:
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Figure 3-158 Setting Initial Condition Form

Select Initial Condition Set

Node Voltage 3.3

Voltage Node Set |
] {Intd_Bar
EE] JInt4

35. Click OK.
This finishes the setting of PSS Analysis with setting up of Initial Conditions.

Running the PSS analysis

Once finished setting up the PSS analysis, click the greenicon ® on the right side of ADE
Explorer or on the Schematic window to run the simulation.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out lodfile). When the analysis has completed, you may iconify the status
window.

Next, you will plot the results.

Plotting the PSS Analysis Results

1. In ADE Explorer, select Results - Direct Plot - Main Form.
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Figure 3-159 Invoking Direct Plot Form

Lounch  Session  Setup  Analyses Variables OQutputs Simulation

Virtuoso® ADE Explorer Editing: ExampleLibRF VC_Ring_Osc_Diff maestro

Tools EAD Parasitics/LDE  Window Help

cadence

I iz & =080 [0 I3

| setup

FU21x| | = ye_ping ose_pi

- @ Simulator spectre
2§y Analyses
| e pss

.:,& Design Variables
F 'E viune

o & Parameters
o} Corners
__ Reliability Analyses

13 b {2 [oh - 19

ChecksfAsserts

-
ke

|
i

-4 ExampleLibRFVC_Ring Ose_Difr:1

1.5G 20 Aintd

& Monte Carlo Sampling

value (| Hame | 13

Plat Outpuits

Print
Annotate k
Vector ]
Circuit Conditions
Electrathermal Report
EM/IR Data v
Save

Select .,

Delete

Printeng/Flotting Options ..

r

Equiva oise
Equivalent

squared Quiput MNaokse
Squared Input Hoise
MNaise |__;"_-|' ¢

DC

e

e | Sped

@ 5

%

4

[ m v X

impuse L

M

(&10) | Main Form .

| Results Explorerfund | ExampleLibRF VC_Ring Osc_Diff schematic | Simulator: spectre aps J]]|

The Direct Plot Form is displayed.

You will see that there is pss analysis and tstab analysis in the Analysis section although
you have only run pss analysis. The tstab analysis gets added as part of pss analysis run
and is used to plot the initial transient waveforms.
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Figure 3-160 The Direct Plot Form

Direct Plot Form

Platting Mode Append n
Analysis

® pss _ tstab

Function
® Voltage — Current
— Power — Voltage Gain
— Current Gain — Power Gain
— Transconductance — Transimpedance
— Compression Point — IPM Curves
— Power Contours — Reflection Contours
— Harmonic Frequency . Power Added Eff.
— Power GainVsPout . Comp. Vs Pout
— Mode Complex Imp. . THD
Select (Net n
Sweep
& spectrum o time
Signal Level ® peak _ rms
Modifier
® Magnitude _ Phase — dB20
— Real — lmaginary

Scalar Expression

Value At (harms)

Add To Outputs —

= Select Net on schematic...

_Help
Plot the oscillator startup waveform from the tstab run.
2. Inthe Direct Plot Form, select tstab in the Analysis section.
3. Leave Functionas PSS Transient V which is set by default.

4. Select Net in the center of the form. (This is the default. You can also select differential
nets).

The Direct Plot Form window should like the following:
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Figure 3-161 PSS Analysis Direct Plot Setup - Initial Transient
Direct Plot Form

Plotting Made Append B
Analysis

_ pss | & itstabi

Function

& P5STransient ¥V s PSS Transient |

Select |Met n
Add To Outputs  —

= Select Net on schematic...

5. Select the Int4 net in the schematic. It is located just below the Int4 label.

Figure 3-162 Selecting Int4 net on schematic
i —

The waveform window is displayed, as shown below.
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Figure 3-163 PSS Analysis Initial Transient Voltage Waveform

File Edit Wiew Graph Axis Trace Marker Measurernents Tools Window » (édence

||| E\-II - E’ - E = fﬂl" 3 ﬂ » ||| »._.";family n > "l

|4 7 B [0 subwingows: 1 [g[Im 0 | o 1= T - K

I ExarnpleLibRF ¥ C _Ring Osc_Diff sc...

Peripdic Steady-State Analysiz “pes’ time = (02 -> 463158 ns)

time (ns)

580139 | plot new graph subwindow J

You can see from the plot that the initial transient waveform is for 4.63158ns as mentioned in
the Output log window. The oscillator is in steady state.

Next, you will plot the oscillator output spectrum.

1.

In the Direct Plot Form, set the Plotting Mode to New Win.

2. Select pssin the Analysis section.
3.
4

Leave Function as Voltage, which is set by default.

. Select Net in the center of the form. (This is the default. You can also select differential

nets).
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5. Select spectrum in the Sweep section. (This is the default)
6. Select rms in the Signal Level section (the default is peak).
7. Select dB20 in the Modifier section.

The Direct Plot Form window should like the following:

Figure 3-164 PSS Analysis Direct Plot Form Setup

Direct Plot Form

Plotting Mode Mew Win
Analysis

® pss| . tstab

Function

G

— Power -
— Current Gain -
— Transconductance v
— Compression Point -
. Power Contours v
— Harmonic Frequency .
— Power GainVsPout

— Node Complex Imp. o

Select (Met

Sweep

Current

Voltage Gain
Power Gain
Transimpedance

IPM Curves

Power Added Eff.
Comp. Vs Pout
THD

Signal Level — peak|® rms

Modifier

— Magnitude . Phase

— Real — lmaginary

Scalar Expression

Reflection Contours

Value At (harms)

Add To Outputs  —

= Select Net on schematic...
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Figure 3-165 Selecting Int4 net on schematic

The waveform window is displayed, as shown below.
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Figure 3-166 PSS Analysis output Graph Window - Voltage Spectrum Plot

Eile Edit “iew Graph Axis Trace Marker Measurements Tools Window » Cédencer
I -~ d @ Ble o % >0 »lramy B
I+ &7 B 00 suswinsows| 1 @l O [ >l [ Jlasssc B>
L'l ExampleLibRF %C_Ring_Osc_Diff sc... (k71 ExarnplelibRF ¥C Ring_Osc Diff sc..

Periodic Steady State Response

SE(13M | plot new graph subwindow J

9. In the waveform window, position your cursor near the first harmonic, and press the m
key. Here m is the bindkey to place a trace marker on the graph. The first harmonic is
chosen as this is the frequency oscillator is designed for.
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Figure 3-167 PSS Analysis output Graph Window - Voltage Spectrum Plot (with
marker placed)

File Edit Miew Graph Axis Trace Marker Measurements Tools Window e céﬂen(er
I -~ J & Bl s o =l > ramiy B~
e 27 B 00 subwinaows{ 1+ Gl m # | SENE e

= ExarnpleLibRF % Z_Ring_Osc_Diff sc... ] ExwarnpleLibRF Wi _Ring_Osc_Diff sc...

e

N2 1.9649GHz 388.79mdb

Feriodic Steadyw State Response

lmouse L: M R:

=313 | |

10. Note that this frequency is 1.9649GHz. This is the frequency of oscillation.

11. Inthe Direct Plot Form, click Cancel. In the waveform window, choose File - Close All
Windows.

12. Clean up the screen for the next set of measurements.

a. Close the ADE Explorer by selecting Session - Quit.

To summarize, a PSS analysis was set up using the Shooting Method and a simulation was
run to determine the oscillation frequency of the oscillator.

Next, you will perform the FM jitter value measurements.
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FM Jitter Measurement using PSS Shooting and Pnoise
Jitter Analyses

This example computes the periodic steady state solution using the shooting method for the
VC_Ring_Osc_Diff oscillator circuit. It then runs a periodic small-signal analysis pnoise to
determine the FM jitter values of the oscillator. You perform a pss-shooting analysis first
because the periodic steady state solution must be determined before you can perform any
other periodic small-signal analysis like pnoise, pxf etc. to determine phase noise or transfer
function and so on.

Determining FM Jitter

FM jitter calculates a standard averaged phase noise measurement, and also the AM and PM
components from the modulated analysis, and adds the ability to integrate the phase noise
curve to calculate the cycle jitter or the cycle-to-cycle jitter. The jitter calculations are
integrated into the Direct Plot Form in ADE Explorer. All the measurements are averaged
over the oscillator cycle.

PM Jitter is like the timedomain jitter measurement. You specify a threshold voltage and the
timing jitter is calculated. In PM Jitter, a quantitative jitter measurement can be made from the
direct plot form.

You may also refer to Chapter 3: Frequency Domain Analyses: Harmonic Balance in the
Spectre® Circuit Simulator and Accelerated Parallel Simulator RF Analysis in ADE Explorer
User Guide for more details on AM and PM Jitter.

In this measurement, you will perform the FM jitter measurement and plot the cycle jitter Jc.

Setting up the PSS Analysis

1. In the Schematic Window, choose Launch - ADE Explorer.
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Figure 3-168 Opening ADEL window from VSE window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic

Lllll'lﬁh File Edit View Create Check Options Window Help

ADEL it

ADE Assembler

Layout XL

Layout GXL

Layout EAD 24
Schematics L n

Schermatics XL

Peell IDE
Power Manager

Plugins ]

2. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.

Figure 3-169 Create new ADE Explorer view

Create new ADE Explorer view

File

Library ExampleLibRF n
Cell oscillator_ckt

View maestro

Application
ADE Explorer

_ Always use this application for this type of file

Library path file

'spectreRFtestcase/RF_Doc_Databasefcds.lib

Openin e pewtab . currenttab . new window

o IR

3. Leave each option to the default selections and click OK.

ADE Explorer is displayed, as shown below.
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Figure 3-170 Virtuoso ADE Explorer Window

Virtuoso® ADE Explorer Editing: ExampléLibRF ofcillator ckt masstro

Launch Sssion  Selup Analyses Varables Quiputs Simulation Besits Toals FAD PamasticwLDE Windoew Help cadence
.3'—*- @ d gs 7 &l = 5 | i Q Replace '.IM-.—. 'g 7
| Satup T8 % - oacillator_gke = massro
Name Vakue | Hame Type | Details | Plot | Save | Spec
¥ ExamgleLibAF oscillator_cki:1
@ smulator spectre
2-219}, Aralyses

= i Desygn Variables
& viune 15

FITX;@:‘@;-’

5 o 8 Parameters
# ¥ “Y Corners
3 _ Relability Anahyses
& Maonte Cario Sampling
3 || Checkeigsarts

mouse L M R

24 ExampleLIbRF oscillator_cki schematic | Simulses: specire ___

4. Select Setup — Simulator in ADE Explorer.
The Choosing Simulator form is displayed.

5. Select spectre for the Simulator.

Figure 3-171 Choosing Simulator Form
Choosing Simulator — ADE Explorer

Simulatar spectre :
@I el apply  Help

6. Click OK to close the Choosing Simulator form.
7. Set up the High Performance Simulation Options.

In the ADE Explorer, select Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed.

In the High Performance Simulation Options window, select APS. Note that Auto is
selected for Multithreading options. The effect of this is to detect the number of cores
on the system (up to 64) and then multi-thread on all the available cores. Usually it is
better to specify the number of threads yourself. Small circuits should use a small
number of threads, and larger circuits can use more threads. The overhead of managing
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16 threads on a smaller circuit may actually slow the simulation down, compared to two
or four threads. Use the number of threads that maximizes the performance.

Figure 3-172 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Maode — Spectre gA w Spectre X s XPSMS

General

Accuracy + Speed
Error Preset: ® Do notoverride . Liberal . Moderate _ Conservative
APS Options

Use ++aps:

Multi-Threading

® Auto . Disable . Manual ¢ Thread

Post-Layout Settings
Enable Post-Layout Optimization: e

Instance Preservation: ® Mone o Selected

8. Click OK to close the High Performance Simulation Options form.
9. Select Outputs - Save All.
The Save Options form is displayed.

10. In the Select signals to output(save) section, make sure that allpub is selected.
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Figure 3-173 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —

Select signals to output (save) _ none __ selected _ IWlpub _ vl & allpub _ all
Select power signals to output (pwr) __ none __ total __ devices __ subckts __ all

Set level of subcircuit to output (ne sl

Select dewice currents (currents) __ selected __ nonlinear __ all __ none
Select AC terminal currentsuseprobes) _ yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) __ selected __ all
Transient Time Window Options

— Transient time window save options . line Setup

e
Save circuit information analysis
MName | What Where File Extremes Others |Enab|ed|

modelParameter models rawfile I
element inst rawfile I
outputParameter output rawfile I
designParamVals parameters rawfile I
primitives primitives rawfile I
subckts subckts rawfile I
asserts assert rawfile w
extremeinfo all logfile yes w
<Click_To_Add= naone rawfile el

Detail _n.'_..-_l.e y Sort; (name y Threshaold

Output Options

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.

To save the currents, use the Select device currents (currents) option, and select
nonlinear if you just want to save the device currents, or all if you want to save all the
currents in the circuit. When you save currents, more disk space is required for the
results file.

11. Click OK.
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12. Select Setup - Simulation Files.
13. Inthe Simulation Files Setup form which gets opened, enter . / by clicking in the Include
Paths section. It should look like as shown below:

Figure 3-174 Simulation Files Setup Form

spectrel: Simulation Files Setup

si| Vector Files

|Files/Paths |options |

E}--Include Paths
: " » S —
- _|<Click here to adda path=
C}- Definition Files
__ =Click here to add a file>
[}~ Stimulus Files
__ =Click here to add a file>
C}- Parasitic Files (DSPF)
__ =Click here to add a file>
[}- Parasitic Files (SPEF)
__ =Click here to add a file>
[1- PSpice Files

- _|<Click here to adda path=

14. Click OK to close the Simulation Files Setup form.
15. Select Setup — Model Libraries.
The Model Library Setup form is displayed.
16. In the Model File field, type the path to the model file including the file name, as follows:

share/gpdkl180_v3.3/models/spectre/gpdk.scs.
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Figure 3-175 Model Library Setup Form

= spectre5: Model Library Setup &
|Model File Section |
£} Global Model Files o
= _ models‘modelsRF.scs \ J
il v share/gpdk180_v3.3/models/spectre/gpdk.scs
-|:| <Click here to add model file> _ <k
—_
=
*®
—_

@& e sppy o Hep

You can also browse to gpdk.scs file.
17. Set the Sectionto stat.
18. Click OK to close the form.
19. In ADE Explorer, select Analyses - Choose.

The Choosing Analyses form is displayed, as shown below.
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Figure 3-176 The Choosing Analyses Form
Choosing Analyses — ADE Explorer

Analysis & tran o/ dc — ac — noise
o Xxf — SENS — dcmatch . acmatch
— Stb i/ pz o If s 5P
— envlp . pss — pac — Ppstb
— pnoise o pxf — psp — qpss
— gpac — qpnoise _ qpxf — qpsp
— hb — hbac — hbstb — hbnoise
— hbsp e hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

— Transient Moise

Dynamic Parameter

Enabled __ " Options...

m _ Cancel | Defaults | Apply | Help

20. Select pss as Analysis. The form expands, as shown below.
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Figure 3-177 The Choosing Analyses Form- Setting PSS Analysis

— Eenvip & pss -
— pnoise . pxf -
— qpac — qpnoise
— hb — hbac —
— hbsp — hbxf

pac — psth
Psp — qpss
qpxf — qpsp
hbsth . hbnoise

Periodic Steady State Analysis

Engine _ Shooting ® Harronic Balance
Tones
Srcld

IName Expr Value

Beat Frequency

COversample Factor

Murmber of Harmonics

Accuracy Defaults(errpreset]

Auto Calculate

__ conservative __ moderate __ liberal

Convergence

Additional Time for Transient-Aided HBE (tstab)

Save Initial Transient Results (saveinit)

Harmonic Balance Homotopy Method
Dynamic Parameter

Oscillator {3

Sweep

Mew Initial Value For Each Point{restart)

Loadpull e

Enabled

_no __ yes

!:Iefault n

_no __ yes

Options...

21. In the Engine section, verify that Shooting is selected (this is the default).

22. In the Beat Frequency field, type 1. 9G. The frequency entered here is an approximate

frequency of oscillation.
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23.

24.

25.
26.

27.

28.

29.

30.

In the Number of harmonics field, type 20.

In general, you want to choose a number that is high enough to capture the nonlinearity
of the circuit. Start with 10, and run the simulation. Increase by about 50% to 15 and re-
run the simulation. If the harmonics do not change appreciably, then 10 is enough. If they
change, raise the number again by about 50%. Use the smallest number of harmonics

for the answer to be stable.

In the Accuracy Defaults (errpreset) section, select conservative.

conservative is typically used because very small amplitude phase noise measurements
are normally desired. conservative is recommended for all the oscillators.

Select yes for Run Transient.

Type 2n in the Stop time (tstab) field. tstab is typically set to about 2-3 periods of the
oscillation frequency for ring oscillator circuits.

Select yes for Save Initial Transient Results. This will help in visualizing the buildup of
the oscillation waveform.

Select the Oscillator option. This is required for simulating an autonomous circuit. The
oscillator section expands, as shown below.

Figure 3-178 The Choosing Analyses Form - Oscillator Section

. V r al
Oscillator @ Oscillator node+ fIntd Select
| SR
Qscillator node- Select
|

—  Calculate initial conditions {ic) automatically

— Enable tuning mode analysis

In the Oscillator node+ field, click Select just to the right. In the schematic, select the Int4
node. This oscillator node will be used by the simulator for the period calculation of the
oscillations. It just needs to be a node that has the oscillator signal on it.

Deselect the Calculate initial conditions (ic) automatically checkbox. This is
because selecting this checkbox only works for feedback oscillators while ring oscillator
is not a feedback oscillator. Therefore, selecting this checkbox will not be able to find an
oscillatory state for ring oscillator.
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Figure 3-179 Selecting Int4 net on schematic

S NOD o IR

The Choosing Analyses form should looks like the following:
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Figure 3-180 Choosing Analyses Form - PSS-Shooting Method Setup

Analysis o tran e dc ot ac “s hoise —
i oof ‘w SENS w dcratch o acmatch
~ sth w pz 5P w envlp
‘w pac ' pstb ' pnoise
o puf ‘w psp ‘s qpss ' qpac
' gphaise o gpsf w gpsp ' hb
‘v hbat ' hbnaoise . hbsp
Periodic 5teady State Analysis
Engine ® chooting '~ Harmonic Balance
Fundarnental Tones
I# Hame Expr ¥alue Signal SrcId
| Large B
Clear/Add Delete Update From Hierarchy =
® Beat Frequency TR
1,96 Auto Calculate
' BeatPerind
Cutput harmonics
|Mumber of harmonics n 28
Accuracy Defaults (errpreset)
_ rmoderate _ liberal
Transient-Aided COptions
|runtransient? @ vec| Mo o Decide automatically
Detectsteady State  —  lerop Time itstab)  2n |
Save |nitial Transient Results (saveinit) — ho
Dynamic Parameter
i W
Ceallmr = Oscillator node+ FIntd Select
Oscillator node- Select
I_ Calculate initial conditions f{ic) autornatically I
Enable tuning made analysis
m Cancel Defaults Apply Help
31. Click Ok.
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This will close the Choosing Analyses form. In addition, this will add the pss analysis
in the Analyses section of ADE Explorer, as shown below.

Figure 3-181 ADE Explorer Simulation Window - PSS Analysis

Virtuose® ADE Explorer Editing: ExampleliBRF oscllator ckt n

NCh  SEsman Setgp Analyses Warables DRfputs  Smulstien ot [AD PasannsdDE Window  Melp

L 1 cadence
e L @ A K " L_é' b e .“ 'T"]-/
|_ Setup T EE| o saimater okl > maero -
Hame Wkt | [ Type Destists Pt | Save Spec Q_‘
ExammpieLib®F gscilator ¢kl b "0 -
G smulser specre
= @ Analysen b4
o pi 15 Jealectar
[
= il Cesgn varisties ™
s
= & Pacamerers
U

B Relabibty Anakees
B _ W Mose Carg Samping
Checka haeris

UL L

L]

Next, set the initial conditions, which forces the circuit to a specific state at the time zero
timepoint, and then removes that force after the time zero point is calculated.

In this case, we will set one stage of the oscillator so that one differential output is high,
and one differential output (in the same stage) is low.

This defines all the nodes in the circuit, and the nodes that are connected to the nodes
that are forced are pulling as hard as they can to get the forced nodes to change to the
other state. When the forcing condition is removed, this action starts the oscillations.

Set the initial conditions by choosing Simulation - Convergence Aids - Initial
Condition in ADE Explorer, as shown below.
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32.
33.

34.
35.
36.
37.

Figure 3-182 PSS Analysis - Setting Initial Condition in ADE Explorer

=l Virtuoso® ADE Explorer Editing: ExampleLibRF VC_Ring_Osc_Diff maestro < |21 53]
Launch Sessien Setup  Analyses Variables  Qutputs Results Tools EAD  Parasitics/LDE  Window  Help cadence
|' E go Jdl s @l Y & B 0| @ netistand Run I,M@ i
| Setup e e Ki -y Bun pestro K i“_
Hame | Value | fiar & Sop Details [eee]]
[~ | Suspend 5‘
- 4 ExampleLibAFVC_Ring Dsc_Diff:1 Resume é -
: E\. Simulator spectre Rum Previes
2@ *""‘”!'“’1 52 MOL Contral .. X
I 55 R Mt
P Optians ¥ [=
= & Design Variables Hethst L ™
Cutput Lag
&2 e & Parameters Limter Log |i
= (v = -
3 | Reliability Analyses - Node Set .
EEEE— i Diagnostics =
@ L@ Monte Carlo S.umpllng Inttial Candition .,
3 | ChecksfAsseris =
B b ST p
\umouse L: I R
-'ﬁ:m:ll Instance ‘PRI | ExamplelibRF VC_Ring Osc_Diff schematic | Samulatar; specire aps FJl

This will open the Select Initial Condition Set dialog box.

Type 0 (zero) in the Node Voltage field.

Select the Int4_Bar node in the schematic. Note that the node highlights in the

schematic.

Click Apply.

Type 3.3 inthe Node Voltage field.

Select the /nt4 node in the schematic. Note that the node highlights in the schematic.

Click OK.

The populated Select Initial Condition Set dialog box would look like the following:
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Figure 3-183 Setting Initial Condition Form

Select Initial Condition Set

Node Voltage 3.3

Voltage [Node Set |
o {Intd_Bar
3.3 {Inta

m Cancel Apply Delete Help
This finishes the setting of PSS Analysis with setting up of Initial Conditions.

Setting up the Pnoise analysis

This analysis is set to do the phase noise measurement. It is run after pss analysis.

1. Inthe Choosing Analyses form, select pnoise. The form expands, as shown below.
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Figure 3-184 The Choosing Analyses Form - pnoise Analysis Setup

= == == SO
— ps& — pac — pstb
 puf — psp — Opss — qgpac

— gpnoise o gp«f — qpsp « hb

— hbac — hbnaise . hbsp

Perindic Maise Analysis

P55 Beat Frequency (Hz) 1, 9G]

Multiple pnaoise e

Sweeptype  (default n Relative Harmonic

Cutput Frequency Sweep Range (Hz)

statstop B start S
Sweep Type

Automatic n

Add Specific Paints

Sidebands

Method ® default  fullspectrum
Maximum sideband n

When using shaating engine, defaultwvalue is 7.

Cutput

MNoise Type timeaverage n

Timeaverage: single-sided spectrurm and harmanic-referred
{modulated) noise analysis

Contribution Type:
& USE o« AM o PM o AMEPM o ALLOAM.PM.USE.LSE)
For frojitter,PM noise must be enabled
Maoise Separation — ¥E: _— no

Separate noise into source and gain

probe n
Cutput Probe Instance select

Enabled _ Options... v
m Cancel Defaults Apply Help

2. Setthe Sweep Type to relative.

For oscillators, the hbnoise/pnoise frequency range is relative. Specify the harmonic
number as appropriate for the system you are simulating. If you are simulating an
oscillator by itself, then the harmonic number is likely to be 1. If you have an oscillator
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and a diode frequency doubler, then the harmonic number is likely to be 2. If you have
an oscillator with a frequency divider, in the hb/pss Choosing Analyses form, you
should specify the approximate frequency of oscillation for the frequency-divided signal.
In the hbnoise/pnoise Choosing Analyses form, if the noise is desired on the frequency
divided output, then the relative harmonic is 1. If the noise is desired at the output of the
oscillator, the relative harmonic number is the divide ratio. The meaning of relative is to
take the frequency of the harmonic number specified and add to it the frequencies
specified in the Choosing Analyses form. If the oscillator had a 1GHz output, and the
pnoise had 1M relative to the first harmonic specified, the actual output frequency is 1G
+ 1M, or 1001M.

a. Type 1 in the Relative Harmonic field as you are simulating an oscillator by itself.

Next, you will set the output frequency sweep range. Frequency sweep is set for a
noise simulation as the noise is spread over the frequency range. Oscillator phase
noise adds phase uncertainty for phase modulated signals. Note that BPSK, QPSK,
and all QAM signals have phase information in the constellation. If the LO signal has
phase noise on it, it makes it harder to demodulate the signals because there is
more spread in the phase of the received signal. Therefore, it is critical to determine
its behavior over a frequency range.

b. In the Output Frequency Sweep Range (Hz) section, type 10K in the Start Field.
c. Type 1G in the Stop Field.

Set the frequency sweep range as appropriate for your circuit (or application).
d. Setthe Sweep Type to Logarithmic.

e. Type 4 inthe Points Per Decade field. Typically, 3 to 5 points per decade are a
reasonable number to capture the noise behavior of the circuit.

3. In the Sidebands section, choose fullspectrum as the Method.

4. Leave the Maximum Sideband field blank. Since fullspectrum is set, and the oscillator
frequency is well above 100KHz, the Maximum sideband field should be left blank.

5. Set the Outputto voltage.

a. Type /v4p in the Positive Output Node field. You can also select V4P net from
schematic by clicking Select on the right of the Positive Output Node field and then
selecting the net just below the out label in schematic.

b. Type /v4aMin the Negative Output Node field. If the second node, that is, the
Negative Output Node is left blank, it will be connected to the global ground node
automatically. However, if you have differential oscillator, you need to specify both
the nodes.
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6. Select timeaverage from the Noise Type drop down list.

7. Selectthe ALL(AM,PM,USB,LSB) option.

Figure 3-185 Selecting V4P and V4M net from the schematic

The Choosing Analyses form should look like the following:
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Figure 3-186 Choosing Analysis Form - pnoise Analysis Setup

Multiple phoise

stb s pz
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puf ~ P=p

- gpnoise o qpxf
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Cantribution Type:
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Calculates noise contributions up to the frequency determined
by PES time point resalution
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iv4p Select
AL Select

w USE o AN o PN o AMEFRN |& ALLEAM,PM,USB,LSEJI
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8. Click OK to close the Choosing Analyses form.
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This will add the pnoise analysis along with pss analysis in the Analyses section of ADE
Explorer, as shown below:

Figure 3-187 ADE Explorer Simulation Window - pss and pnoise-jitter analysis
setup

& ADE Explore’ Editing: Exsmplel bRF W Rire O D museit
Launch Session Setup Analyses Variables Outputs Smulation PResults Tods Parasitics'LDE Help cadence
Beodir oD | B BT
[ setup 7 8% - vcRing OscDIY B maestro X
4 ExamplelibREVC_Ring Osc_Dir:1 Mame | Type | Detads | Value | Plot| Save | Spe. |
% Simuator spectre
1R Analyses
¥ pss 1.9G 20 fintd
» pnoke 10K 16 4 V4P NeaM

= @ Design Variables
& viune 14

[+ & Parameters

] | 4 Corners

H _ @ Monte CaroSampiing
B | Checla/Assens

Favx>gg

mouse L: M R:
21} ExampleLibRF VC_Ring Osc_DIY schematic | Simulator spectre aps  Interactive J

Running the PSS and Pnoise analysis

Once finished setting up the PSS and Pnoise Analyses click the greenicon # on the right
of ADE Explorer or on the Schematic window to run the simulation.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logfile). When the analysis has completed, you may iconify the status

window.
Next, you will plot the results.
Plotting the results

First Plot the oscillator phase noise based on pnoise analysis -
1. In ADE Explorer, select Results - Direct Plot - Main Form.

The Direct Plot Form is displayed, as shown below.
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Figure 3-188 pss and pnoise Analysis Direct Plot Form
Direct Plot Form

Plotting Mode
Analysis

& pss . pnose
Function

® Voltage — Current

Power

r r

Voltage Gain
Current Gain Power Gain
 Transconductance . Transimpedance
CompressionPoint . IPN Curves

— Power Contours . Reflection Contours
Hammonic Frequency o Power Added Eff.

. Power GainVsPout _ Comp. Vs Pout

— Node Compleximp. ' THD

Select (Mt n

Sweep
® spectrum s time
Signal Level & peak  rms
Medifier
8 Magnitude . Phase . dB20
— Real — Imaginary

Add To Outputs —

> Select Net on schematic...

m Cancel Help

2. Inthe Direct Plot Form, select pnoise in the Analysis section. The form changes.

3. Select PMin the Type section.
4. Select Phase Noise in the Function section.
The Direct Plot Form Setup should look like the following:
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Figure 3-189 pss and pnoise FM jitter Analysis Direct Plot Form Setup

Direct Plot Form

Plotting Mede  APPEnd [~
Analysis

«/ pss & pnoise
Noise Type

— U5B ‘o LSB ‘o AM & PM

Function

Output Moise . -20dBfdec Line

- Jc — Jcc

Add To Outputs | — Flot
o -

> Press plat button on this form...

m _ Lancel || Help

5. Click Plot.
The oscillator phase noise curve is plotted. This is a Single Sideband (SSB) Plot.
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Figure 3-190 Phase Noise (SSB) plot from pnoise Analysis
i1l ExampleLIbREVC Ring Osc Diffi1 % :
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Next, plot the Jc (cycle or period) jitter value.
1. In the Direct Plot Form, select Jc in the Function section.

The form expands. Jc is cycle or period jitter while Jcc is cycle-to-cycle or period-to-
period jitter.

2. Leave Number of Cycles (k) as 1 (which is set by default).

Number of cycles determines whether one period or k-periods jitter will be computed. In
this example, you are going to determine only one cycle Jc (cycle) jitter.

3. Leave Signal Level as rms (this is selected by default). rms jitter is typically used.
4. In the Modifier section, leave the default selection as Second.

Here, the other options are U/ which is Unit interval, and ppm which is parts per million.
Select the Modifier value based on the units you are using in your design specifications.
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5. Leave the Freq. Multiplier set to 1 (which is the default value).

Use the Freq. Multiplier parameter when the selected output is not at the PSS
fundamental/beat frequency.

6. Fillinthe Start Frequency (Hz) and Stop Frequency (Hz) fields. These are the limits
of integration to determine jitter. The appropriate values are included either in the jitter
specifications or in the verification methodology. The best values to use also depend on
the circuit properties. For a small Number of Cycles [k], such as a short observation
time of one or a few periods, the lower frequency noise does not contribute much to either
Jc or Jcc jitter. For a larger Number of Cycles [k], the lower frequency noise is
important.

Refer to the Jitter Measurements Using SpectreRF Application Note for more
information on how to set up the lower limit of the integration.
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Figure 3-191 Direct Plot pnoise jitter Jc Setup
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Moise Type
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Freq. Multiplier 1
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e —————
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« Output Moise . -20dB/dec Line

&k o ke

« Phase Moise
Number of Cydes [k] 1
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Maodifier

Plot

Cancel | Help

a. Click Plot. This will calculate the Jc (cycle jitter) value and the value of Jc will appear
on the plot as a label, as shown below.
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Figure 3-192 Jc value as label on Phase Noise Plot
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Since the Jc value appears as a label on the plot, it is important that there is a plot window
already open when the Jc value is plotted/calculated.

To summarize, PSS analysis using Shooting Engine and Pnoise was setup and simulation
was run to determine the FM jitter of the oscillator.

Next you will determine the tuning range and phase noise of the Ring Oscillator.
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Calculating the Swept Tuning Range and Phase Noise for
the Ring Oscillator

This example computes the swept periodic steady state solution using the shooting method
forthe VC_Ring_Osc_Diff oscillator circuit. You will sweep the tuning voltage to determine
its effect on oscillation frequency. It then runs a periodic small-signal analysis pnoise to
determine the phase noise of the oscillator. You perform a PSS-Shooting analysis first
because the periodic steady state solution must be determined before you can perform any
other periodic small-signal analysis, such as pnoise pxf to determine phase noise or transfer
function and so on.

Setting up the PSS Analysis

1. In the Schematic Window, choose Launch - ADE Explorer.

Figure 3-193 Opening ADE Explorer window from VSE window

Virtuoso® Schematic Editor L Editing: ExampleLibRF oscillator_ckt schematic

MEHE Edit View Create Check Options Window Help

ADEL i T — . - e —_— 3 = 3
apE ML I 0 xX Q0T ¢ &-T-2-F-QQ Q8
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ADE Explorer 7 8 x|

ADE Assembler

Layout XL

Layout GXL

Layout EAD 24
Schematics L 1

Schermatics XL

Pcell IDE

Power Manager

Plugins ]

2. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.
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Figure 3-194 Create new ADE Explorer view

=| Create new ADE Explorer view | 4]
File

Library ExampleLibRF n
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m Cancel Help

3. Leave each option to the default selections and click OK.

ADE Explorer is displayed, as shown below.

Figure 3-195 ADE Explorer Window
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4. Select Setup — Simulator in ADE Explorer.
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The Choosing Simulator form is displayed.

5. Select spectre as the Simulator.

Figure 3-196 Choosing Simulator Form
Choosing Simulator — ADE Explorer

Simulator spectren
@D el appy  Help

6. Click OK to close the Choosing Simulator form.
7. Set up the High Performance Simulation Options, as follows:

In ADE Explorer, select Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed.

In the High Performance Simulation Options window, select APS. Note that Auto is
selected for Multithreading options. The effect of this is to detect the number of cores
on the system (up to 64) and then multi-thread on all the available cores. Usually it is
better to specify the number of threads yourself. Small circuits should use a small
number of threads, and larger circuits can use more threads. The overhead of managing
16 threads on a smaller circuit may actually slow the simulation down, compared to two
or four threads. Use the number of threads that maximizes the performance.
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Figure 3-197 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Mode — Spectre !AF‘S — Spectre X . XPSMS

General

Accuracy + Speed
Error Preset: ® Do notoverride . Liberal . Moderate . Conservative

APS Options

Use ++aps: e

Multi-Threading

% Auto o Disable o Manual # Thread

Post-Layout Settings
Enable Post-Layout Optimization: -

Instance Preservation: 2 Mone . Selected

m _ Cancel | Defaults | Apply | Help

8. Click OK to close the High Performance Simulation Options form.
9. Select Outputs - Save All.
The Save Options form is displayed.

10. In the Select signals to output(save) section, make sure that allpub is selected.
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Figure 3-198 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —]
Select signals to output (save) _ none __ selected __ Ivlpub __ vl & allpub __ all

Select power signals to output (pwr) __ none __ total __ devices __ subckts __ all

Set level of subcircuit to output (nestlvl)

Select device currents (currents) __ selected __ nonlinear __ all __ none

Select AC terminal currents (useprobes) __ yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) _ selected __ all
Transient Time Window Options

— Transient time window save options o Lime setup
—

Save circuit information analysis

Name What Where File Extremes Others | Enabled|
modelParameter models rawvfile w
element inst rawfile o
outputParameter output rawfile ~
designParamVals parameters rawfile o
primitives primitives rawfile o
subckts subckts rawfile w
asserts assert rawfile el
extremeinfo all logfile yes el
<Click_To_Add=> none rawfile el

narne J Threshaold

Detail _n':'d":' Sort

Output Options
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Use Fast Viewing Extensions L —
[ il G |

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.

To save the currents, use the Select device currents (currents) option, and select
nonlinear if you just want to save the device currents, or select all if you want to save all
the currents in the circuit. When you save currents, you require more disk space for the
results file.
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11. Click OK.
12. Select Setup - Simulation Files.
13. Inthe Simulation Files Setup form which opens, enter . / by clicking in the Include Paths

section. The Simulation Files Setup form should look like the following:

Figure 3-199 Simulation Files Setup Form

spectrel: Simulation Files Setup

|Files/Paths |Options |

E]--Include Paths
L _|<Click here toadda path=
[} Definition Files
__=Click here to add a file=
[} Stimulus Files
__=Click here to add a file=
[} Parasitic Files (DSPF)
__=Click here to add a file=
[} Parasitic Files (SPEF)
__=Click here to add a file=
[1- PSpice Files

L] _|<Click heretoadda path=

ok IR

14. Click OK to close the Simulation Files Setup form.
15. Select Setup — Model Libraries.
The Model Library Setup form is displayed.
16. In the Model File field, type the following path to the model file including the file name:

Share/gpdkl80_v3.3/models/spectre/gpdk.scs.
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Figure 3-200 Model Library Setup Form

= spectre5: Model Library Setup | ]
|Model File Section
El- Global Model Files o~
> __ modelsfmodelsRF.scs \ J
- o | sharefgpdk180_v3.3/models/spectrefgpdi.scs
-|:| <Click here to add model file> _ <
=
=
#
L e
@& el pply _Help

You can also browse to gpdk.scs file. Set the Section to stat.

17. Click OK to close the Model Library Setup form.

18. Select Analyses - Choose.

The Choosing Analyses form is displayed.
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Figure 3-201 The Choosing Analyses Form

Choosing Analyses — ADE Explorer
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-

m _ Cancel | Defaults /| Apply /| Help

19. In the Analysis section, select pss. The form expands, as shown below.
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Figure 3-202 The Choosing Analyses Form- Setting PSS Analysis

— emvlp & pss — pac — pstb
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20. In the Engine section, ensure that Shooting is selected (this is the default).

21. In the Beat Frequency field, type 1G.
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22.

23.

24.
25.

26.

27.

The frequency entered here is an approximate frequency of oscillation. Normally, the
oscillation frequency is set near the actual oscillation frequency. In this case, we have a
very wide tuning range for this oscillator. A value near the middle frequency is chosen so
that pss can converge on all the frequencies that are produced in the sweep.

In the Number of harmonics field, type 20.

In general, you want to choose a number that is high enough to capture the nonlinearity
of the circuit.

For example, in this measurement you would be running fullspectrum pnoise. For
fullspectrum pnoise, start with 10 pss harmonics, select fullspectrum, and select APS.
Run the simulation, and plot the noise result. Now increase the number of harmonics
which forces more pss timepoints, and run the simulation again. If the pnoise result did
not change, then you had enough harmonics to begin with. If the noise result did change,
then increase the number of harmonics and run the simulation again till your pnoise
result do not change.

In this measurement 20 number of harmonics gives stable pnoise results.
In the Accuracy Defaults (errpreset) section, select conservative.

conservative is typically used because very small amplitude phase noise measurements
are normally desired. conservative is recommended for all the oscillators.

Select yes for the Run Transient option.
Type 10n in the Stop Time(tstab) field.

tstab is typically set to about 2-3 periods of the oscillation frequency for ring oscillator
circuits. Note that this needs to apply for the lowest frequency that is produced. For that
reason, 10n is set.

Select yes for Save Initial Transient Results. This will help in visualizing the buildup
of the oscillation waveform.

Select the Oscillator option.

This is required for simulating an autonomous circuit. The oscillator section expands, as
shown below.
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Figure 3-203 The Choosing Analyses Form - Oscillator Section

. v i ]
Oscillator M Oscillator node+ [ Int4 select

Oscillator node- Select

— Calculate initial conditions {ic) autormatically

— Enable tuning mode analysis

28. In the Oscillator node+ field, click Select on the right. In the schematic, select the Int4
node. This oscillator node will be used by the simulator for the period calculation of the
oscillations. It just needs to be a node that has the oscillator signal on it.

29. Deselect the Calculate initial conditions (ic) automatically checkbox. This is because
selecting this checkbox only works for feedback oscillators while the ring oscillator is not
a feedback oscillator. Therefore, selecting this checkbox will not be able to find an
oscillatory state for ring oscillator.

Figure 3-204 Selecting Int4 net on schematic

30. Select the Sweep option. This allows you to sweep the tuning voltage (vtune), as
explained below.

a. Click the Select Design Variable button. The Select Design Variable window is
displayed.

b. Inthe Select Design Variable window, select vtune.
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Figure 3-205 Choosing vtune in Select Design Variable Form during PSS
Analysis setup
Select Design Variable

viune

m Cancel Help

Click OK to close the Select Design Variable Form.

a o

In the Sweep Range section of the form, type 0. 0 in the Start field.
e. Type 3.2 in the Stop field.

f. By default, the Sweep Type is set to Linear.

g. Type 0.2 inthe Step Size field.

The sweep range for vtune is set based on for what tuning range your oscillator is
designed for. This would be based on your oscillator design specifications.

31. Click Apply in Choosing Analyses Form. It checks the entries in the form for legality.

The completed Choosing Analyses form should like the figure below.
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Figure 3-206 Choosing Analyses Form - PSS-Shooting Method Setup - Part1

Analysis o tran o dc w ac ‘' hnise
‘s SENS ' dcmatch o acmatch
w pz — 5p w emlp
‘w pac \ pstb ‘v phoise
w puf ' psp ' gpss “w qpac

' gpnoise . gpaf ' qQpsp ‘ hb

' hbac ' hbnoise _ hbsp

Periodic Steady State Analysis

Engine ‘w Harrmonic Balance

Fundarmental Tones
# MName Expr Value Signal Srcld

Large B

| Clear/add | |Delete | | Update Fram Hierarchy |

‘® EBeatFrequency R
16 Auto Calculate

' BeatPeriod

Cutput harrmonics
Mumber of harmonics n 28

Accuracy Defaults (errpreset)

# conservative| _ moderate _ liberal

Transient-Aided Cptions

Run transient? ‘w Mo o Decide automatically

DeimetSmady SiElz IStop Time itstab  18n |

_ Calculate initial conditions (icy autormatically

— Enable tuning mode analysis

Sweep

Frequency Wariable? & no o yes

Save Initial Transient Results (saveinit) — ho I M yec I
[ Dynamic Parameter ]
Cscillator node+ fInt4 | =elect |
Oscillatar nade- | Select |

“ariable n X
Variable Mame | vtune

¥ Select Design Wariable J

Sweep Range

& sStart-Stop

Start @ @ stnn L] I

September 2023
© 1990-2023

310

Product Version 23.1
All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in

ADE Explorer Workshop

Setting up the Pnoise analysis

This analysis is set to do the phase noise measurement. It is run after pss analysis.

1. Inthe Choosing Analyses form, select pnoise. The form expands, as shown below.

Figure 3-207 The Choosing Analyses Form - pnoise Analysis Setup
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2. Leave the Sweep Type to relative.

For oscillators, the hbnoise/pnoise frequency range defaults to relative. Specify the
harmonic number as appropriate for the system you are simulating. If you are simulating
an oscillator by itself, then the harmonic number is likely to be 1. If you have an oscillator
and a diode frequency doubler, then the harmonic number is likely to be 2. If you have
an oscillator with a frequency divider, in the hb/pss form, you should specify the
approximate frequency of oscillation for the frequency-divided signal. In the hbnoise/
pnoise form, if the noise is desired on the frequency divided output, then the relative
harmonic is 1. If the noise is desired at the output of the oscillator, the relative harmonic
number is the divide ratio. The meaning of relative is to take the frequency of the
harmonic number specified and add to it the frequencies specified in the Choosing
Analyses form. If the oscillator had a 1GHz output, and the pnoise had 1M relative to the
first harmonic specified, the actual output frequency is 1G + 1M, or 1001 M.

a. Type 1 in the Relative Harmonic field as you are simulating an oscillator by itself.
b. Select Single Point for Output Frequency Sweep Range.

c. Type 1M inthe Freq Field. In general, the pnoise frequency would be set as
appropriate for your application.

3. Select the Method as fullspectrum in the Sidebands section.

Full-Spectrum pnoise is useful for circuits like switched-capacitor filters or sampling
circuits where aliasing occurs through very high harmonics of the clock. The runtime
advantages are large with no loss in accuracy of the result. Full-Spectrum pnoise is
available when Shooting is selected for the pss Engine and APS is selected in the Setup
- High Performance Simulation menu in ADE Explorer. Selecting fullspectrum in the
pnoise form forces APS to be selected in ADE Explorer. If you are running from the
command line without using +aps, fullspectrum will not be used. In normal pnoise when
Shooting is selected as Engine, you need to set the maximum sideband term. In full-
spectrum pnoise you do not do this except in cases where the pss beat frequency is
100KHz or less. In this case, set maximum sidebands to the 1/f noise corner frequency
divided by the pss beat frequency. Pnoise calculates all the noise translations it can,
based on the maximum timestep in the pss analysis. The easiest way to change the
maximum timestep in pss is to increase the number of harmonics above 10 in the pss
Choosing Analyses form. Full-spectrum pnoise runs faster than normal pnoise when the
maximum number of sidebands in pnoise is about 50 or greater. The larger the number
of sidebands, the larger the speedup for fullspectrum pnoise analysis.

Fullspectrum pnoise is available for all available noisetypes. Noise separation is not
supported when fullspectrum is selected.

Note: When the default method is selected, specify the number of desired frequency
translations in the Maximum sideband field. This will always be specific to the design.
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For a rough estimate, plot the frequency domain content, and find the harmonic number
where the amplitude has dropped about 40dB. Try this number in maximum sidebands.
To verify that you have enough sidebands, raise the number by about 50% and run again.
If the noise result did not change, then you had enough sidebands to begin with. Up to
40 sidebands can be specified by default. If you need more than 40 sidebands, set the
number of pss harmonics to the number of sidebands divided by two to four or set the
pss option maxacfreq to the beat frequency times the number of pnoise sidebands.

4. Leave Maximum sideband field blank as explained above since the Method selected
is fullspectrum.

5. Set the Outputto voltage.

a. Type /v4p in the Positive Output Node field. You can also select V4P net from
schematic by clicking Select button on the right of the Positive Output Node field and
then selecting the net just below the out label in schematic.

b. Type /v4aMin the Negative Output Node field. If the second node, that is, the
Negative Output Node is left blank, it will be connected to the global ground node
automatically. However, if you have differential oscillator, you need to specify both
the nodes.

6. Choose noise type as timeaverage from the drop-down list.

7. Selectthe ALL(AM,PM,USB,LSB) option.

Figure 3-208 Selecting V4P and V4M net from the schematic

The Choosing Analyses form should look like the following:
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Figure 3-209 Choosing Analysis Form - pnoise Analysis Setup
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8. Click OK'to close the Choosing Analyses form. This will add the pnoise analysis along
with pss analysis in the Analyses section of ADE window, as shown below.
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Figure 3-210 ADE Explorer Simulation Window - pss and pnoise-jitter analysis
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Once finished setting up the PSS and Pnoise Analyses click the green icon » onthe right
of ADE Explorer or on the Schematic window to run the simulation.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logfile). When the analysis has completed, you may iconify the status

window.

Next, you will plot the results.

Plotting the results

First Plot the oscillator output frequency, as follows:

1. In ADE Explorer, select Results - Direct Plot - Main Form.

The Direct Plot Form is displayed, as shown below.
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Figure 3-211 Swept pss and pnoise Analysis Direct Plot Form
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2. Inthe Direct Plot Form, select pssin the Analysis section. This is selected by default.

3. Select Harmonic Frequency in the Function section.
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4. In the Harmonic Frequency section, select the first harmonic. This will plot only the
change in first harmonic of the oscillation frequency vs. change in oscillator’s tuning
voltage.

The Direct Plot Form should look like the following:

Figure 3-212 Swept pss Analysis Direct Plot Form Setup

Direct Plot Form

Plotting Mode  APpeEnd

Analysis

— pnoise - tstab

Function

— Woltage — Current

— Power — Woltage Gain

— Current Gain — Power Gain

— Transconductance — Transimpedance
— Compression Point — IPM Curves

— Power Contours — Reflection Contours

I ® Harmonic Frequency I — Power Added Eff.

— Power Gains Pout - Camp. Vs Pout

— Mode Complex lmp. o THD

Harrmonic Frequency

A

67, 697N - 4.7

3 1.88683G - 7.E

4 1,34139G - 9,4

e I y

Loadpull Contaur:
Add To OQutputs | — Plot
e s —

= Press plot buttan an this form...

5. Click Plot.

The oscillator tuning range is plotted. From the plot you can observe that as you increase
the tuning voltage, the oscillator frequency increases.
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Figure 3-213 Swept PSS Measurement Plot - Harmonic frequency variation plot

Eile Edit Miew 1Graph Axis Trace Marker Measurerments Tools Window Browser Help (éﬂen(e
I -~ Jd & Bl s e o x|l “ - IIM E
ll7 &7 B 00 suowinaowsi_ 1Bl m_ | > [l Il cassic n
= ExampleLibRF % __Ring Osc Diff sc. H

Periodic Steadw State Response

harm=1freq: pss(

E2(175) | plot new graph subwindow J

6. Select File - Close All Windows to close the waveform window.

You will now plot the phase noise.
1. Inthe Direct Plot Form, select pnoise in the Analysis section.
2. Select PM for Noise Type.
3. Select Phase Noise in the Function section.

The Direct Plot Form should look like the following:
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Figure 3-214 Direct Plot

Direct Plot Form

Plotting Mode  [APPENd

Analysis
— ps5 % phoise o tstab
HNoise Type

o« USE v LSB v AM & PM

Function
— Qutput Maoise o -20dBfdec Line
(= - Jec

[ ]

Phace Maoice

Currently, only variable data is avail

Add To Cutputs | —
p nheesfnts s

= Press plot button an this farm..

m Cancel Help

Phase Noise Setup

able

4. Click Plot.

This will plot the Single Sideband Phase Noise vs. Relative Frequency graph, as shown

below:
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Figure 3-215 Phase Noise vs. Relative Frequency Plot

File Edit “iew Graph Axis Trace Marker Measurernents Tools  Window »cadence
I -~ @ S Elle o % » [0 » raminy B~
I 7 2 00 subwingowsi 1+ [ O |8 D [l [|E e B>
(7l ExarmplelibRF ¥C Ring Osc Diff sc.. %

Periodic Noize Response

———— 1

(wtune: CorFreq PIN-3dB) = (0 20m
1.09M -58.4)

...Hz. Relative Harrmonic =

0.9 1.0 1.1 1.2
relative frequency (MHZ)

179 | plot new graph subwindow J

In the above plot, you have a graph of phase noise vs. relative frequency for each vtune
sweep value. Next, you will modify the phase noise plot to provide more useful information.

1. In the plot window, right-click on one of the numbers on the X Axis and select Swap
Sweep Var from the context menu.

Figure 3-216 X-Axis - Right Mouse Button (RMB) - Object Menu

Axis Propedies...

|T/ hAajor Grids
|:' kAinor Grids

Log Scale

2. In Select Sweep Var dialog box which opens, select vtune from the Sweep Variables
drop down list. Keep Plot Destination as New SubWindow.
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Figure 3-217 Swap Sweep Var Dialog Box Window

Swap Sweep Var
Plot Destination |z, Subwindnwm=
XValue
m ) Close J Help .
3. Click OK.

The waveform tool draws a new subwindow.

Figure 3-218 Tuning voltage vs phase noise plot

Eile Edit ¥iew Graph Axis Trace

Periodic Molse Respornse rhaszelNaise {1 "pss_fd")

Marker Megasurements Tools Window EBrowser Help (édEl‘lce
I - B - o | & e, ||| > o e [ Ky % | “@o» ||famny B~
"|," ,-—J’ E DD Subwmdows =|||IIJ n "l »_"l "| Classic n
l/_ ExampleLibRF % _ Ring Osc_Diff sc. i

+l ...Hz. Relative Harn

nrouse L:

FOTFTF) |

relative frequency (IVMH]

1 Mpss_Fdt e

If you look at the graph on the right, you will see that the phase noise is worse at the lower

end of the tuning range.

4. Select File - Close All Windows to close the waveform window.
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5. Clean up the screen for the next set of measurements.
a. Close ADE Explorer by selecting Session - Quit.

b. Exit the Virtuoso session by selecting File - Exit in CIW.

Summary

The Simulating Oscillator section shows how to simulate and make typical measurements on
an oscillator.

In this Oscillator section, the following simulation setups/measurements were shown:
m Starting and Stabilizing of Feedback Oscillators

Loop Gain Measurement of Feedback Oscillator

Swept Tuning Range and Phase Noise Measurement

Starting and Stabilization of Ring Oscillators

FM Jitter Measurement of Ring Oscillator

Swept Tuning Range and Phase Noise for the Ring Oscillator

For more information on simulating oscillators, please refer to the chapters in the Virtuoso
Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis User
Guide and the Spectre Circuit Simulator RF Analysis Theory guide.
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Simulating Mixers

The SpectreRF simulator can simulate circuits, such as mixers, that show frequency
conversion effects.

This section uses two double balanced mixer circuits, db_mixer and db_mixer_xmit, to
illustrate how the SpectreRF simulator can determine the characteristics of a mixer design.

In the mixer examples that follow, you will plot the following nonlinear characteristics of the
db_mixer and db_mixer_xmit mixer Circuits.

Receive Mixer Measurements (db_mixer) Analyses
Mixer Conversion Gain and RF to IF Isolation HB and HBAC
LO Leakage (LO to IF Leakage) HB
Noise Figure Measurement, Noise Summary Table HB and HBnoise
1dB Compression Point, Desensitization and Blocking HB, HBAC, and
HBnoise
Third-Order Intercept measurement with HB HB
Rapid IP2, Rapid IP3 Specialized HBAC
Compression Distortion Summary HB, HBAC
Transmit Mixer Measurements (db_mixer_xmit) Analyses
Image Rejection HB
Three tone Swept IP3 (large signal) HB
Noise Figure HB and HBnoise

To use the examples in this section, 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 SpectreRF Simulation Option Theory.
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The db_mixer and db_mixer_xmit Mixer Circuits

The db_mixer and db_mixer_xmit circuits can be found in the ExampleLibRF library.
See the Introduction chapter for the instructions on accessing the ExampleLibRF library.

The db_mixer integrated circuit is a Gilbert cell (down-converting double balanced) mixer.

The schematic for the db_mixexr circuit is shown below.

Figure 4-1 Schematic for the db_mixer Mixer Circuit

uoso® Schematic Editor L Editing: ExampleLibRF db_mixer schemati
Launch Fle Edit View Create Check Options Window Help cadence
3 - = - = 3 = | g
U Ue 0 @ 0D b ¢ B-T-2-F-QAQ QA% 1L 1L =6
— G - Basic B @ % b | NSl B-
Navigator (7] 5] %] B -
Instances
< db_mixer
a B -
MName el
! d_b_mixer
----- ) CO (cap)
----- g) C1 (cap) =
----- C2 (cap)
----- C3 (cap)
----- 2) 12 (balun) |
---- ) LO(ind)
----- &) Q1(pnp)
""" Q2 (npn)
""" Q3 (npn)
..... Q4 (npn)
..... Q5 (pnp)
""" Q6 (npn)
""" Q7 (npn)
h
| Property Editor 78X
limouse L: schsingle SelectPt() M: deOpen() R: schHiMouse Poplp()
34| - Cmd: Sel: 0 J|

On the left side of the schematic there is a port labeled /nput which generates the input
signal. To the right of that is a matching network and a behavioral balun from rfLib. This feeds
the input to a double-balanced mixer. There are two LO sources in the circuit (in the middle
of the schematic) between the bottom devices. The LO operates at 1.9GHz. Next to the label
Output, is the output port of the mixer.
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The db_mixer_xmit circuitis a similar circuit, but an up-converting double-balanced mixer
with image rejection.

The following tables lists some measured values for different aspects of the db_mixer down-

converting mixer.

Measurement Measured

LO frequency (Hz) 1.9 GHz

RF frequencies (Hz) 1.904 GHz, 1.905 GHz
IF frequency (Hz) 4 MHz, 5 MHz

LO voltage 200mV peak

RF power -30 dBm

Conversion gain

measurement needed

Double Sideband Noise figure

measurement needed

Input 1dB compression point

measurement needed

Input IP3 (from swept power)

measurement needed

Input IP3 (from HBAC analysis)

measurement needed

Design Variable

Default Value

prf (RF power)

-30 dBm

vlo (LO magnitude)

200 m

frf1 and frf2 (RF frequencies)

1.904 GHz, 1.905 GHz

flo (LO frequency)

1.9 GHz

Setting Up to Simulate the db_mixer Mixer

In a Unix window, type virtuoso & to start the Cadence software. (For more information,

see the Introduction chapter.)

Opening the db_mixer Mixer Circuit in the Schematic Window

1. In the CIW (Command Interpreter Window), select File — Open.
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The Open File form is displayed.

2. In the Open File form, choose ExampleLibRF from the Library drop-down list.

3. Type db_mixer in the Cell field or select the cell from the Cells list box.

The completed Open File form appears like the one below.

Figure 4-2 Open File Form

Open File
File
) Cells
Librar ExampleLibRF
o L 4_inv_tb1
Cell db_mixer DIFF_INV
INV
. RC_Oscillator
! h B —
View Skl n VC_Ring_Osc_Diff
Type schematic cascode
=
Browse db_mixer_xmit
e > invlx
InaSimple
Application UPEWEl . o
) oscillator_ckt
Open with Schematics L n <h fet test
__ Always use this application for this type of file -

Open for ® edit . read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds.lib

Openin 2 newtab _ currenttab . newwindow

€D oo oo

4. Click OK.

The Schematic window for db_mixer mixer is displayed.
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Figure 4-3 db_mixer Schematic

® Schematic Editor L Editing: ExampleLibRF db_mixer schematic

Window Help

cadence

Launch HRle Edi View Create Check Options
- =y . - = 3 = >
3 F 0 mxX O T ¢ RB-~T ~-=~-E-|Q Q @ [ % 1

- Q- = EEIEET L B

21=]<]
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L §

Navigator
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db_mixer

@sercn K
Name - B
db_mixer
_ C0 (cap)
=) C1(cap) =
&) C2 (cap)
=) C3 (cap)
&) 12 (balun)
2) LO{ind)
@ a1pnp)
&) Q2inpn)
&) Q3 (npn)
2) Q4(npn)
@ aspnp)
2) Q6 (npn)
&) Q7(npn)

th

| Property Editor 7 8 %

Input

mouse L: schSingle SelectPt()
3 | >

M: de Open)

"

» [

R: schHiMousePoplp()
cma: sero Jif

5. In the Schematic window, choose Launch — ADE Explorer.
6. Inthe Launch ADE Explorer dialog, select Create New View.

The Create new ADE Explorer view form is displayed.
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Figure 4-4 Create new ADE Explorer view

=] Create new ADE Explorer view |38
File
Lz ExampleLibRF [~ |
Cell [db_mixer| ]
Wiew maestro
Type rmaestro
Application
ADE Explorer

Cpenwith
__ Always use this application for this type of file

Library path file

'spectreRFtestcasef/RF_Doc_Database/cds.lib

Openin & pewtab _ currenttab . new window

m Cancel Help

7. Leave each option to the default selections and click OK.

The ADE Explorer window is displayed.

Figure 4-5 ADE Explorer Window

Launch Session Setup Analyses Variables Outputs Simulation Results Tools Parasitics/LDE  Help cadence

5% g2 @l g > & 3= 00 G llreree BT

| Setup liéI & db_mixer [® maestro  x

-4} ExampleLibRF:db_mixer:1 Name | Type |  Detals | Value | Plot| Save|  Spec |
%3 Simulator spectre
[—_‘l% Analyses

@ i

E& Design Variables
S 300
~ [ pr 30
- [ wio 200m
- [ fio 1.9G6
+ [@ rdgn 50
[ e 1904M
L[E e 1905M

F mv X

¢ Parameters

=] corrers

_'® Monte Carlo Sampling
__ Checks/Asserts

Ld
L

L |

nmouse L: M: R:

315) | = |E)ampleLibRde_rnixerschematic Simulator: spectre  Interactive J
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Choosing Simulator Options
1. In ADE Explorer, select Setup — Simulator.
The Choosing Simulator form is displayed.

2. Select spectre from the Simulator drop-down list.
Figure 4-6 Choosing Simulator Form - Completed

Choosing Simulator - ADE Explore
simulator  sPectre K@
@D el sppy  Help
3. Click OK to close the Choosing Simulator form.
4. Set up the High Performance Simulation Options, as follows:

In the ADE window, choose Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed, as shown below.

September 2023 329 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Figure 4-7 High Performance Simulation Options

High-Performance Simulation Options

Simulation Performance Mode — Spectre 3 w Spectre X s XPSMS

General

Accuracy + Speed
Error Preset: ® Do notoverride . Liberal . Moderate _ Conservative
APS Options

Use ++aps:

Multi-Threading

® Auto . Disable . Manual

Post-Layout Settings

Enable Post-Layout Optimization: e

Instance Preservation: ® Mone o Selected

m _ Cancel | Defaults | Apply | Help

Select APS as the simulation performance mode. Note that Auto is selected for
Multithreading options. The effect of this is to detect the number of cores on the system
(up to 64) and then multi-thread on all the available cores.

Note: The bigger the circuit, the more threads you should use. For a small circuit such
as this, you may want to set the number of threads to 2. Using 16 threads on a small
circuit might actually slow things down because of the overhead associated with
multithreading. For more information, see the Virtuoso Spectre User Guide.

a. Click OK.
5. Select Outputs — Save All.
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The Save Options form is displayed, as shown below.

Figure 4-8 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —
Select signals to output (save) _ none __ selected __ Ivlpub _ vl & allpub __ all

Select power signals to output (pwr) __ none __ total _ devices __ subckts __ all

Set level of subcircuit to output (nestivl)

Select device currents(currents) __ selected __ nonlinear __ all __ none

Select AC terminal currents (useprobes) _ yes _/no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) __ selected __ all
Transient Time Window Options

__ Transient time window save options Tlime Setlp
e

Save circuit information analysis

Harne | What | Where File Extremes Others |Enabled|
modelParameter models rawfile W
element inst rawfile W
outputParameter output rawfile W
designParamVals parameters rawfile W
primitives primitives rawfile W
subckts subckts rawfile W
asserts assert rawfile el
extremeinfo all logfile yEs el
=Click_Tao_Add= none rawfile el
Detail: |node Sort: \DAME Threshald

Output Options

Output Farmat _ sst2 _ psf _ psfwithfloats ™ psfxl __ fsdb I

Use Fast Viewing Extensions -

=

[ i ) |

6. Inthe Select signals to output section, make sure that allpub is selected.
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This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.

To save the currents, use the Select device currents (currents) option, and select
nonlinear if you just want to save the device currents, or all if you want to save all the
currents in the circuit.

7. Click OK.

Setting Up Model Libraries

1. In ADE Explorer, select Setup - Simulation Files. The Simulation Files Setup form
is displayed, as shown below.

Figure 4-9 Simulation Files Setup Form

spectrel: Simulation Files Setup

Wector Files

|Files/Paths Options

EI Include Paths
H , w7 -
i % _|<Click here to add a path=
C}- Definition Files
% _|<Click here to add a file>
C1- Stimulus Files
. % _|<Click here to add a file>
[} Parasitic Files (DSPF)
_=Click here to add a file=
[} Parasitic Files (SPEF)
_=Click here to add a file>
[} PSpice Files

<Click here to add a path=

@D el sppy e

2. Verify that the Include Path is set as shown above.

3. Select Setup — Model Libraries.
The Model Library Setup form is displayed.
4. In the Model Library File field, type the following for the name of the model file:

models/modelsRF.scs
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5. Click Add.
The Model Library Setup form looks like the following:

Figure 4-10 Model Library Setup

spectrel: Model Library Setup

|Model File Section
[} Global Model Files
> # models/modelsRF.scs \lis/
b sharefgpdk180_v3.3/modelsispectrefgpdk.scs

-D =Click here to add model file> _

%

J_ Cancel | Apply | Help

6. Click OK.

Mixer Conversion Gain, RF to IF Isolation, LO to IF Leakage, and Noise Figure

You can measure the conversion gain using hb (Harmonic Balance) by applying the signal
which causes the frequency conversion (the LO) in a hb analysis and follow this with hbac
(Harmonic Balance AC) to measure the small-signal conversion gain. This will also be used
to measure RF to IF isolation. Because hbac is based on the hb result with all the harmonics
that hb solved for, the mixing products produced by mixing the input frequency with any or all
of those harmonics can be calculated with hbac. In addition, hbnoise (Harmonic Balance
noise) will be used to calculate the output noise and noise figure with all the frequency
translations inherent in the mixer.

Hb solves for the steady-state solution produced by the LO and captures the nonlinearity of
the mixer. Hb calculates the nonlinearity in the frequency domain as a series of harmonics.

The hbac analysis calculates the conversion gain based on the nonlinearity created by the
LO. Hbac is also used to calculate the RF to IF isolation. This measurement is not a simple
AC frequency response. It is the frequency response from RF to IF with the LO applied to the
mixer.

Hbnoise also uses the nonlinearity from the hb large-signal analysis in order to calculate how
noise is folded to the desired output frequency. Both of these analyses are quite fast and
accurate.
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Hbac and hbnoise are both small-signal analyses. Both are nonlinear in the sense of being
able to take into account the frequency conversions created by the LO. Noise is almost
certainly a small-signal problem. In practice, hbac calculates the correct conversion gain for
the cases where the RF input causes little compression (that is, the input is 10dB or more

below the 1dB compression point.)

Setting Up the Simulation - Setting Design Variables

To set the design variables to the values required for each simulation, perform the following

steps:

1. In the Design Variables section of ADE Explorer, change the design variables frf1 and
frf2to 0. flo should already be setto 1.9G. To edit the values, simply click on the value
to the right of the variable name, and type in a value. Then, press Enter. Setting the input
frequencies to 0 disables the production of waveforms for the large-signal analyses like

tran, pss, and hb (harmonic balance).

Figure 4-11 Design Variables Section of ADE Explorer Window

EI& Design Variables
- ri

[ prr

. vio

- [E@ flo

- [&E rdgn

- [ frr

- friz

300
-30
200m
1.9G
50

Setting Up the Harmonic Balance Analysis

1. In ADE Explorer, select Analyses — Choose.

The Choosing Analyses form is displayed.

2. Inthe Choosing Analyses form, select hb. The form expands, as shown below.
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Figure 4-12 The hb Choosing Analyses Form

Choosing Analyses - ADE Explorer

Analysis — tran s/ dc s 8C — noise
s XF ' SENS . dcmatch . acmatch
— Stb i/ pZ o If — Sp
— envlp o pss — pac — pstb
— pnoise o pxf — Psp — qpss
— fqpac — qpnoise _ gpxf — qpsp
2 hb — hbac — hbstb — hbnoise

— hbsp  hbxf
Harmonic Balance Analysis
Transient-Aided Options

Run transient? ([Decide automatically n

Detect Steady State W |--|-I|||.--|.|..I-- autaol
Save Initial Transient Results (saveinit) _ no __ yes
Dynamic Parameter
Tones % Frequencies _ Names
Mumber of Tones &1 U2 W3 U4
Tone 1

Fundamental Frequency

Mumber of Harmanics auto

Oversample Factor 1

Freqdivide Ratio for Tone 1 1

Harmonics (Default n

Accuracy Defaults (errpreset)

__ conservative # moderate __ liberal

Oscillator

Sweep
Loadpull
LS5P
Compression

Enabled __ Options...
' J

m _ Lancel | Defaults | Apply | Help

3. Inthe Transient-Aided Options section, leave the settings at their default value:
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a. Leave Run Transient? to the default value of Decide Automatically.

Run transient will run the LO signal using the transient (In SpectreRF, this is called
the tstab interval) for a short period of time. At the end of tstab, an FFT is performed,
and this is used as the starting point in the harmonic balance analysis. Doing this
improves the convergence of hb by giving it a better starting point at the cost of a
short transient analysis.Stop Time (tstab) auto.

When auto is selected for Stop Time (tstab), a small number of periods of the LO
is run using the transient analysis. During this time, the signal is checked for steady-
state conditions. If steady-state is not reached in the initial number of periods, more
periods can be added automatically by the simulator. Using this feature allows an
accurate FFT for the starting point in the hb iterations.

b. When Run transientis set to Decide automatically, The Detect Steady State
option is selected automatically. When this is set, when steady-state is detected in
the tstab interval, the simulator stops the transient analysis, runs the FFT, and starts
iterating in the frequency domain. Using Decide automatically simplifies the setup
for harmonic balance, and produces correct answers from hb without needing to
know how to set hb up manually.

c. Leave Save Initial Transient Results (saveinit) blank.
4. In the Tones section, ensure that Frequencies is selected. This is the default.

Harmonic balance can now set the harmonics automatically for the signal that causes
the most distortion. This is recommended in the general case. A transient analysis runs
until steady-state is detected, and then from the transient analysis, the number of
harmonics for Tone1 (when Frequencies is selected) or for the tone that has tstab
enabled (when Names is selected). If you want to manually set transient-aided hb, select
Yes from the Run Transient? drop-down list and set a time for the transient in the Stop
Time (tstab) field. In this mode, the stop time of the transient analysis in the tstab
interval cannot be automatically extended.

If you want to see the startup waveform, select yes for Save Initial Transient Results
(saveinit).

5. Inthe Number of Tones section, note that the number of tones is set to 1. (This is the
default in hb). Since the RF tones were disabled, only the LO tone remains.

6. Enter 1.9G asthe Fundamental Frequency.

7. Leave Number of Harmonics set to auto. This is the default. Spectre will choose the
appropriate number of harmonics for you. auto is allowed if Decide automatically or
Yes are selected from the Run transient? drop-down list.
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8. When you choose auto for the number of harmonics, leave Oversample Factor set to
the default value of 1. When all the signals in the system (including currents) are nearly
sinusoidal, then, Oversample Factor should also be setto 1. Set Accuracy Defaults
(errpreset) to moderate. Exceptional accuracy is not needed because only the high
amplitude LO signal needs to be solved for, so moderate (the default) is selected.

9. Leave the rest of the form set to the default values. The hb Choosing Analyses form
should look like the following figure:
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Figure 4-13 hb Choosing Analyses Form
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For more information on setting up the Choosing Analyses form, see Chapter 3:

Frequency Domain Analyses: Harmonic Balance in the Spectre® Circuit Simulator and

Accelerated Parallel Simulator RF Analysis User Guide.

10. Click Apply.

Set up the HBAC Choosing Analysis form.
1. In the Choosing Analyses form, select hbac. The form changes, as shown below.
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Figure 4-14 hbac Choosing Analysis Form
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2. Leave the Sweeptype set to default (absolute).
3. Setthe Input Frequency Sweep Range.

Absolute takes the frequency range as specified with no frequency translation. Relative
is also available where the input frequency can be shifted up or down in multiples of the
PSS frequency. This is useful for having log sweeps above or below a PSS harmonic.
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The frequency sweep range is always the input frequency range in hbac. Because hbac
has the ability to calculate the outputs at different frequencies based on the nonlinearity
caused by the LO, we choose which output frequencies to calculate in the Sidebands
area of the Choosing Analyses form. Sideband is the name of the different output signals
that are produced when mixing the input with harmonics of the LO signal.

a. Type 1.9001G inthe Start field.
b. Type 2G in the Stop field.

c. Setthe Sweep Type to Linear.
d. Set Number of Stepsto 10.

4. The amplitude for the hbac analysis is set in the input source (port rf with PAC
magnitude =1 in this case) in the schematic. 1 is convenient because it is 0 dBV. This
allows direct conversion gain measurement by using the dB20 function when the output
signal is plotted.

Below are the steps showing how to set the PAC Magnitude in the schematic

a. To set the amplitude for hbac, select the Input port in the schematic.

Figure 4-15 Input Port on Schematic

b. After you click on the port, refer to the Property Editor on the left side of the
schematic. You can scroll through the Property Editor by moving the scroll bar on
the right side of the Property Editor.
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Figure 4-16 Property Editor
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c. Selectthe Display Small Signal Params option near the bottom of the Property
Editor, and set its value to true. This expands the Property Editor form.

The value for PAC Magnitude should be setto 1 v. Ifitis not, setitto 1 V.

d. Fromthe Schematic, select Check - Current Cellview. You do not have to save the
design to simulate it. This allows “what if” analysis. If you like the results, you can
then save the design. If you do not like the results, you do not have to save it.

In the hbac Choosing Analyses form, you will be selecting the direct conversion IF
sideband and the output with no frequency translation from the Sidebands section
under Select from Range.

5. In the Sidebands section, select Select from range.

Sidebands define the output frequencies to be calculated. In this setup, the direct
conversion IF (1.9001G~2G-1*1.9G=100K~100M) is selected. In addition, hbac also
calculates the outputs with no frequency translation (1.9001G~2G-
0*1.9G=1.9001G~2G). You will be choosing these two sidebands.
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The levels that are produced at each node at all the selected frequencies are also
calculated by the hbac analysis.

a. Highlightthe / 100K 100M -1 entry. This is the direct conversion IF sideband.

b. To select another sidebands, press and hold the Ctrl key, and selectthe u 1.9001G
2G 0 entry. This is the output with no frequency translation.

The hbac Choosing Analyses form looks like the figure below:
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Figure 4-17 hbac Choosing Analyses Form -Set up the hbnoise Choosing

Analyses form
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6. Click Apply.
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Set up the hbnoise Choosing Analyses form, as follows:

1. Inthe Choosing Analyses form, select hbnoise. The form changes, as shown below.

Figure 4-18 hbnoise Choosing Analyses Form
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2. Leave the Sweeptype set to default.
3. Set the Output Frequency Sweep Range.

The Frequency Sweep Range fields are always the output frequency range in hbnoise.
Maximum sideband specifies the highest harmonic of the LO we want to calculate the
down converted noise from. In this case, noise through the 10th harmonic of the LO will
be calculated.

Type 1K in the Start field.
Type 100M in the Stop field.
Select Logarithmic sweep.

Type 3 in the Points Per Decade field.

©® N o o &

Leave the Maximum sideband field blank.

Note: When left blank, the form uses the number of harmonics from the hb analysis.

©

Select the Noise Figure option.

10. Inthe Output section of the form, by default, the Outputis setto probe. Click Selectto
the right of the Output Probe Instance field and select the source to the right of the
label Output in the schematic window.

When a port or a resistor is selected in this way, the noise of this component is excluded
for the noise figure calculation. A port is a voltage source in series with a resistor as a
single component and it is located in analogLib.

11. Inthe Output section, by default, Input Source is set to type port. If you want a noise
figure calculation, you must select a port as the input. Click Select to the right of the
Input Port Source field and select the source to the right of the label Input in the
schematic window.

In hbnoise, only output-referred and input-referred noise measurements are made, so
both the input and output frequencies are declared in the Choosing Analyses form. In
linear noise, the input-referred noise is the output-referred noise divided by the transfer
function from input to output.

In hbnoise, because we have the ability to calculate frequency conversion, the design
input frequency range is chosen in the reference sideband section in order to get the
correct input-referred noise and noise figure at the design input frequency. This can also
be referred to as the passband frequency.

In the select from range field, you will specify the input frequency range that goes with
the output frequency range specified at the top of the form.
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12. In the Reference side-band label section, choose Select from list from the drop-
down list.

13. Selectthe u 1.9G 2G 1 line.
Here is an example of how the reference sideband field is calculated:
suppose the reference sideband=Kk,
| fin|=|fout |+k*fundamental frequency.
Here, fout=1K~100M and the fundamental frequency is 1.9G.
fin should be (1K~100M)+1.9G,
thus the reference sideband k is 1.
14. Select the Do Noise check box (this is the default).
15. Select timeaverage from the Noise Type drop down list.

16. Select the Contribution Type to All (AM,PM,USB,LSB) and set Relative Harmonic
to 0.

When Noise Type is set to timeaverage, USB, LSB, AM and PM noise are directly
available. You can choose, for example, PM noise alone, or you can select the
ALL(AM,PM,USB,LSB) option, if you need all four types of noise.

When you select AM, PM, AM&PM, or All(AM,PM,USB,LSB), a pop-up window
appears and Sweeptype is set as relative. For db_mixer, the Output Frequency
Sweep Range is set as fout=1K~100M, and the Relative Harmonic is setto 0. Note
that AM and PM are not available for relative harmonic 0.

17. Select the Noise Separation check box.In addition to the total output noise, the
individual noise contributions can be plotted when noise separation is selected. For more
information on Noise Separation, see Chapter 3: Frequency Domain Analyses:
Harmonic Balance in the Spectre® Circuit Simulator and Accelerated Parallel Simulator
RF Analysis User Guide.
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Figure 4-19 hbnoise Noise Separation Check Box.

Do Moise »

Moise Type timeaverage n

Timeaverage: single-sided spectrum and harrmonic-referred
frmodulated) noise analysis

Contribution Type:
- USBE o AM = PM o AMEPM & AL (AMPMUSELSE)

Moise Separation M yes _ no

Separate naise inta source and gain

Your completed hbnoise Choosing Analyses form should look like the following figure.
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Figure 4-20 hbnoise Choosing Analyses Form
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18. Click OK at the bottom of the form.
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Figure 4-21 ADE Explorer Simulation Window
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Running the Simulation and Plotting the Results

Start the analyses by clicking the green arrow icon. = in ADE Explorer or in the Schematic
Editor.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logfile). When the analysis has completed, you may iconify the status
window.

Next, you will plot the following:
m Mixer Conversion Gain,
m RF to IF Isolation, LO to IF Leakage

m Noise Figure
Measuring Mixer LO to IF Leakage
1. In ADE Explorer, select Results - Direct Plot -Main Form.
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The Direct Plot Form is displayed.

Figure 4-22 hb Direct Plot Form
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Note that there is an entry for hb noise separation. This is because you have selected
Noise Separation option on the hb Choosing Analyses form.

First, plot the output spectrum
1. Inthe Analysis section, select hb.
2. Inthe Function section, select Voltage.

3. Selectnet inthe center of the form. (This is the default. You can also select differential
nets).

4. In the Sweep section, select spectrum (this is the default).
5. In the Signal Level section, select rms (the default is peak).
6. In the Modifier section, select dB20.

The Direct Plot Form should look like the following:
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Figure 4-23 Completed Direct Plot Form - Measuring Mixer LO Leakage
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7. Select the out1 net in the schematic. It is located just below the Output label.

The waveform window is displayed.
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Figure 4-24 Harmonic Balance Response of /out1 net
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Measure LO leakage on the IF Output
8. Move the mouse cursor to the tip of the spike at 7.9GHz and type m.

A marker appears on the plot. Click and hold on the marker readout and move it to a
place where you can see all the harmonics, then release the mouse button. The LO
amplitude is about -59.72 dB.
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Figure 4-25 Measuring LO leakage on the IF Output
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Plot the conversion gain and RF to IF isolation
In the Direct Plot Form:
1. Change Plotting Mode to New SubWin.
2. Inthe Analysis section, select hbac.
3. Inthe Function section, select Voltage (this is the default).
4. In the Sweep section, select spectrum (this is the default).
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5. In the Modifier section, select dB20.
The Direct Plot Form looks like this.

Figure 4-26 Direct Plot Form - Plotting Conversion Gain and RF to IF isolation
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6. Click Replot. The waveform window updates, as shown below.
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Figure 4-27 Conversion Gain and RF to IF Leakage
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Look at the bottom subwindow for the HBAC results. The mixer circuit is deliberately very
slightly unbalanced. In the HBAC Choosing Analyses form, you defined an input
frequency range to be swept. HBAC calculates the amplitudes of the output signals at
the frequencies you chose in the sidebands section of the Choosing Analyses form.

7. Note that the trace near 2GHz is about -43.4dB, and measures the gain from input to
output with no frequency conversion. This is due to RF to IF leakage.

If you want, place a marker at that location by moving the mouse cursor to the tip of the
spike at 2GHz and typing m. Click and hold on the marker readout and move it to a place
where you can see all the sidebands, then release the mouse button.
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Next, move the cursor to 1.9001GHz and just below -40dB, read the value of the cursor
marker. In this case, the RF to IF isolation is about 43.4 dB. If you want, place a marker
at that location as well.

Measure Voltage Gain vs Output Frequency

1. Optional: Remove the markers from the Waveform window by choosing Marker -
Delete All or by pressing the Ctrl+E bindKey.

You may need to zoom in close to the waveform. To do that, click and hold the right
mouse button and drag a square outline around the waveform, as shown in the next
figure.

Figure 4-28 : Choosing Sideband of Interest

Harmmonic Balance A0 Hesponse

w Soutl hbac dEZO(W)

2. Delete the result near 2GHz. To do this, in the waveform window, click the trace near
2GHz and just below -40 dB. Press the Delete key. To see the remaining trace, you may
need use the bindkey f to fit (resize) the window so that the entire plot is shown.

The waveform window redraws, as shown below.
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Figure 4-29 Voltage Conversion Gain vs. Output Frequency
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The lower subwindow displays the plot of the Voltage Conversion Gain versus the Output
frequency. It rolls off at higher frequencies due to the degraded input match as the input
moves above 1.9GHz. Since in the HBAC Choosing Analyses form, you setthe Sweep
Type to be linear, the plot has linear spacing on X-axis.

If you hold the cursor over the curve at 100KHz, you can read the low frequency
conversion gain off the plot as shown in the above figure. Itis 14.25dB.

Plotting Mixer Noise Figure

1. In the Direct Plot Form, select hbnoise.
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Figure 4-30 Direct Plot Form - Plotting Mixer Noise Figure
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Fdsb

Fieee

dBc/Hz

dBV/Hz

Plot

= Press plot button on this form..

Close

Help

2. Change the Plotting Mode to New Win.

3. Select USB from the Noise Type section (this is the default).

4. Select NFdsb, inthe Function section. NFdsb is double sideband noise figure. The form
will change, as shown in the figure below

5. Select Integrated Over Bandwidth.

6. Type 1K inthe Start Frequency (Hz) field and 1M in the Stop Frequency (Hz) field.

The Direct Plot Form should look like below.
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Figure 4-31 Direct Plot Form DSB Noise Figure Setup

Direct Plot Form

Plotting Mode
Analysis

— hb . hbac

. hbnoise separation

Noise Type

& UsB| o L3B _ AM _ PM

Function

 Output Noise — Input Moise
« Muoise Figure « Moise Factor
& NFdsh . Fdsh

— NFieee  Fieee

« Transfer Function

Description: Double Sideband Noise Figure

Integrated Over Bandwidth
Start Frequency (Hz) 1K
Stop Freguency (Hz) m

Add To Qutputs — Plot

= Press plot button on this form...

7. Click Plot.

The Integrated Noise Figure Plot is shown below:
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Figure 4-32 Integrated Noise Figure Plot
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K
=l
=]
5
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relative frequency (Hz)

rmouse L: 1 R:

7hilze) | plot new graph subwindow J

To determine the noise figure at different frequencies, move the cursor along the noise
figure curve in the waveform window.

Next, you will plot hbnoise separation. When you want to understand the specifics about
your noise problem, you can use hbnoise separation. The Noise Summary is not able to
differentiate how much noise is coming from the noise source and how much from the
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transfer function. With noise separation, you can attempt to decrease the output noise by
decreasing the noise sources with different device dimensions or by decreasing the
transfer function by choosing alternative circuit architectures. When Noise separation
is setto yes inthe Choosing Analyses form, the hbnoise separation feature is included
during the simulation and the corresponding results are saved.

8. Inthe Direct Plot Form, select hbnoise separation in the Analysis section.
9. In the Function section, select Sideband Output.

Sideband Output plots the noise contribution of selected sidebands to the output.
Different sideband numbers measure the noise from different noise frequencies when
mixed with different harmonics of the hb analysis. In this example, noise frequencies near
zero Hz and the noise that mixes from just below the first and second harmonics of the
LO are selected.

10. Inthe Signal Level section, select V/sqrt(Hz).
11. Choose dB20 in the Modifier section.

12. Selectthe 0, -1, and -2 in the Output Sideband section. This will plot the noise
contribution of the 0, -1, and -2 sidebands to the output. This allows the identification
of which noise frequencies are causing the largest noise contribution at he output of the
circuit.

() Tip

You can hold cursor over the 0 output sideband and slide the cursor to include the
-2 output sideband.

The Direct Plot Form should look like below.
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Figure 4-33 Direct Plot Form for hbnoise Separation

|

Direct Plot Form
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— hb et

Mew Win n
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Modifier

« Magnitude

— Source Output

 Primary Source

MNoise contribution of sidebands to output

Currently, only sideband data is available

2 dB20

Output Sideband

Add To Outputs  —
—_—

= Press plot button on this form...

« Instance Output
« Instance Source

 5Src. Moise Gain

& V/sgriHz) | V¥¥2/Hz

ose JO°

13. Click Plot. The hbnoise separation is plotted, as shown in the figure below. Note that the
harmonic numbers plotted are in the legend on the left side of the screen. HBnoise

Separation, 0, -1, -2 Sideband.
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Figure 4-34 HBnoise Separation, 0, -1, -2 Sideband

File Edit ¥iew Graph Axis Trace Marker Measurerments Tools Window EBrowser Help céden(e
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FE(186) | Trace: output noise; ¥ f sqri{Hz) (harmonic=1); Context: fserversfscratch3f/kamalfspectrerftestcase151/RF_Doc_Data

14. Click the + sign to the left of output noise in the legend on the left side of the waveform
window. The legend expands. You can see that the 0 Output sideband corresponds to
the green trace. The 0 Output sideband contributes the most noise and is the worst
noise offender. Next, plot Instance Output for the largest noise contributor above. (The
zero sideband) This will show which components contribute the most noise at the output.

a. Inthe Direct Plot Form, select Instance Outputin the Function section.
b. Setthe Signal Levelto V/sqrt(Hz) and the Modifierto Magnitude.
c. Select the 0 Output Sideband.

d. In the Filter section, select Include All Types.
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e. Inthe Truncate section, type 3 in the by top text field.

The Direct Plot Form should look like the one below.
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Figure 4-35 Direct Plot Form for Plotting Instance Output for Noise Contribution
of instances

= Direct Plot Form |5
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Output Sideband

Filter
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Include Mone

include inst. Select Clear
—
exclude inst. Select Clear
—
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by top 3 number of instance output
Add To Outputs | — Plot

> Press plot button on this form...
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15. Click Plot. The plot showing the top three noise contributors is displayed.

Figure 4-36 Output Noise Top Instance Contributors
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Click the + sign to the left of output noise in the legend on the left side of the waveform
window. The legend expands to show the top three instance noise contributors.

1. If you move your mouse cursor over one of the traces, you can read the instance from
the cursor readout and identify which instance contributes the most amount of noise.
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Above, the red line represents the noise contribution from instance Q6 (legend shown),
the yellow line below represents the noise contribution from instance Q2, and the bottom
green line represents the noise contribution from instance Q7.

2. Tofind Q6 in the schematic, choose Edit - Find in the schematic. The Schematic Find
form is displayed. Search for instanceName == Q6 in the cellview and click Apply.

Figure 4-37 Schematic Find Form

Schematic Find

Search For insthlame ﬂ = n[qﬁ|

Search Scope cellview n

Zoom To Object

Select List All Show Object Filter ==

. Cancel | Defaults | Prewious | hext /| Help

Q6 is highlighted in the db_mixer schematic below in pink, as shown below.

Figure 4-38 Q6 Highlighted in dbmixer Schematic

Launch FEile Edit ¥iew Create Check Options Migrate Window Help cédence
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||| - - l_l|||W0rkspace: -”'DH-—BEE\.L @0 ||| 3 :ﬁ IRT Ay T | @qu' n '|||

JEBEQ O IE B (5 IB-&-5F-

Navigator [7]5]x)
F Default n -

Property Editor 7RX

nmause L sch3ingleSelectPt) t: schHiFind() R: schHitousePopUpf)

'5(6)| Press plot button on the Direct Plat Form | Cmd: Sel: 0 Status: Ready | T=27 C | Simulator: spectre
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3. Next, plot the Source Output so you can see which individual noise sources within the
circuit are contributing the most noise. In the Direct Plot Form:

a. Inthe Function section, select Source Output.
b. In the Signal Level section, select V/sqrt(Hz).

In the Modifier section, select Magnitude.

2 o

Leave the Output Sideband at 0.

e. In the Filter section, select Include All Types.

f. In the Truncate section, type 3 in the by top number of source output text field
g. The Plotting Mode should still be set to New Window.

The Direct Plot Form should look like the one below.
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Figure 4-39 Direct Plot Form for Plotting by Top 3 Source Noise Contributors

‘o sideband Output o Instance Output

I&ESDurce Output§ I ‘' Instance Source
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mq Cancel I Help J

4. Click Plot to see which individual sources within the circuit are making the most noise.
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5. In the waveform window, click the + sign to the left of output noise in the legend on the
left side of the waveform window. The legend expands to show the top three source noise
contributors.

Figure 4-40 Top 3 Source Noise Contributors

Eile Edit Wiew fGraph Axis Trace Marker Mgasurements Tools Window  Browser  Help (éﬂen(e
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FEU1ER) | Trace: output noise; ¥ fsqriiHz) (src=06fn);, Context: feerversfscratchl3fkamalfspectrerftestcasel151/RF_Doc_Da J

Note that the top three Source Output contributors are displayed in the legend on the left
side of the graph: Q6: fn, Q2: fn, and Q7:fn. fn refers to flicker noise. Refer to the Noise
Summary section in Chapter 3: Frequency Domain Analyses: Harmonic Balance of the
Spectre® Circuit Simulator and Accelerated Parallel Simulator RF Analysis User Guide
to get a description of the parameter names for the different device types.
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6. Inthe Direct Plot Form, click Cancel.

7. In the waveform window, choose File - Close All Windows.

8. Next, look at the top noise contributors using the Noise Summary Form. In ADE
Explorer, select Results - Print - Noise Summary.

Figure 4-41 Invoking Noise Summary Form
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The Noise Summary window is displayed, as shown below.
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Figure 4-42 Noise Summary Window

Noise Summary
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9. Inthe Noise Summary window, select hbnoise_src from the Data from section. This
prints the output noise of the hbnoise-rif analysis. Note that the selection hbnoise_src
lists the noise at the source, not at the output of the circuit.

10. Select integrated noise from the Type section
11. Select flat from the weighting section (this is the default).

Integrated noise produces a noise summary integrated over a frequency range using the
specified weighting. If you choose integrated noise, you have the option of using a
weighting factor. The flat weighting factor specifies that the integration be performed on
the original unweighted waveform. The from weight file selection option specifies that,
before the integration is performed, the noise contributions of particular frequencies in
the original waveform be weighted by factors supplied from an input file.
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12.

13.
14.
15.

16.

17.

Select A from the the noise unit drop-down list. This will be the noise units used in the
hbnoise_src summary.

Type 1K inthe From (Hz) text field.
Type 1M inthe To (Hz) text field.

You can choose filtering details to include or exclude particular instances in your hbnoise
summary. In the FILTER section, click Include All Types.

You can shorten your summary by specifying how many of the highest contributors to
include in the summary, by specifying the percentage of noise a device must contribute
to be included in the summary, or by specifying the level of noise a device must contribute
to be included in the summary.

Selectby numberinthe truncate section and type 2 0 in the fop field. You will be printing
the top 20 noise contributors.

Select noise contributors from the sortby section.

The Noise Summary form should look like the following:
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Figure 4-43 HBnoise Summary Form
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18. Click OK.

The Results Display Window is displayed containing the noise summary results, as
shown below.
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Figure 4-44 Noise Summary Results

Results Display Window

Window Expressions Info Help cﬁden Ce
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F04 re 4.85043e-07 3.92

Qi re 2 ,48003e-07 1.02

0B re 2 .48003e-07 1.02

103 re 2.48003e-07 1.02

02 re 2.48003e-07 1.02

f08 rc 1.89415e-07 0.60

f04 rc 1.89415e-07 0.60 =

105 rb 1.75365e-07 0,51

ey rb 1.75365e-07 0.51

08 ic 1.74463e-07 0.51

F04 ic 1.74463e-07 0.51

/05 ic 1.72002e-07 0.49

S0 ic 1.72001e-07 0.49

f04 rb 1.28558e-07 0.28

f0e rb 1.28557e-07 0.28

Integrated Noise Summary (in A) Sorted By Noise Contributors

Total Summarized Noise = 2.44999e-06

No input referred neoise available

The above noise summary info is for hbnoise_src data =
o Il » *

1D| HelpAction

The Results Display Window lists the individual contributors, the specific noise
mechanism within the semiconductors causing the noise, and the noise contribution. The
total input-referred noise voltage and output-referred noise voltage is shown at the
bottom of the Results Display Window. You may need to use the scroll bar at the right
side of the Results Display Window to see the bottom part of the results.

Note that the output and input noise include the noise from all the noise contributors, and
not just the contributors in the form. The Param column uses the same abbreviations as
seen in the legend on the left side of the waveform window. For example, fn refers to
flicker noise. Refer to the Noise Summary section in Chapter 3: Frequency Domain
Analyses: Harmonic Balance of the Spectre® Circuit Simulator and Accelerated Parallel
Simulator RF Analysis User Guide to get a description of the parameter names for the
different device types.

19. Clean up the screen for the next set of measurements.
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a. Close the Results Display Window by choosing Window - Close.
b. Close the Analog Design Environment window by choosing Session -Quit.

c. In the Schematic window, choose File - Close.

Summary

Harmonic Balance (hb), hbac, and hbnoise analyses were setup and simulations were run to
determine the Mixer Conversion Gain, RF to IF Isolation, LO to IF Leakage, and Noise Figure
for a receive mixer. In addition, you identified different ways to view noise in the receiver using
the Noise Separation feature and Noise Summary form

In the next section, you will measure 1dB Compression Point and Desensitization with an RF
blocking signal present.

1dB Compression Point, Desensitization, and Blocking

All circuits reach a compression point. The large signal effects at this point cause the gain to
stop increasing in a linear fashion. Since this is a large-signal effect, a large-signal analysis
is required. When measuring 1dB Gain compression point, the idea is to sweep the input
power over a range of power levels, and then plot the output power versus the input power.
From the plot, the 1dB compression point can be determined (the 1dB compression point is
the input signal level at with the receiver gain drops 1dB when compared to the ideal linear
gain).

Receiver desensitization interference occurs when a strong off-channel signal overloads a
receiver front end and thus reduces the sensitivity to weaker on-channel signals.

The setup for 1dB Compression Point is the same as that required by a desensitization
measurement, except for the frequency of the RF input. For the compression point
measurement, the RF signal is in the passband. For the desensitization measurement, the
RF frequency is at the blocker frequency. Here, we show both the 1dB compression point and
the desensitization measurement using the passband frequency. Usually, they are separate
simulations with different frequencies for the RF signal. (This is done to save time in the
workshop.)

For 1dB gain compression point measurement, the frequency component set in the RF input
port is considered as the RF signal frequency.

For desensitization measurement, the frequency component set in the RF input port is
considered the RF blocker frequency.
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You can set up the simulation to measure the conversion gain and noise figure as a function
of RF blocker power.

Setting Up to Simulate 1dB CP and Desensitization

1. Inthe CIW, choose File - Open - CellView. The Open File form is displayed. Choose
the db_mixer schematic from ExampleLibRF, as shown below.

Figure 4-45 Open File Form

Open File
File
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INV
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) hH t _
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- ol invlx
lnaSimple
Application DpamEl . |
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Open with Schematics L n <h fet test
__ Always use this application for this type of file ¥

Open for ® =dit

— read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds. lib

Openin ® newtab o currenttab o newwindow

m _ Cancel o\ Help .

2. Click OK. The db_mixer schematic appears, as shown below.
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Figure 4-46 db_mixer Schematic
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3. Startthe Analog Design Environment from the schematic by choosing Launch - ADE

Explorer. The Simulation Window is displayed, as shown below.
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Figure 4-47 Analog Design Environment Simulation Window
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4. In ADE Explorer, select Setup — Simulator.
The Choosing Simulator form is displayed.

5. Choose spectre as the Simulator.

Figure 4-48 Choosing Simulator/Director/Host Form

Choosing Simulator — ADE Explore

Simulator
m _ Lancel . Apply | Help

6. Click OK to close the Choosing Simulator form.

7. Set up the High Performance Simulation Options, as follows:

In ADE Explorer, choose Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed, as shown below.
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Figure 4-49 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Mode — Spectre QAPS — Spectre X . XPSMS
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a. Inthe High Performance Simulation window, select APS. Note that auto is selected
for multithreading. The effect of this is to detect the number of cores on the system
(up to 16) and then multi-thread on all the available cores.

Note: The bigger the circuit, the more threads you should use. For a small circuit

such as this, you may want to set the number of threads to 2. Using 16 threads on
a small circuit might actually slow things down because of the overhead associated
with multithreading. For more information, see the Spectre Circuit Simulator and

Accelerated Parallel Simulator User guide.
b. Click OK.
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8. Select Outputs — Save All.
The Save Options form is displayed.

Figure 4-50 Save Options Form

Save Options

Basic | Save By Subckt

Save Options

Select signals to output(save) _ none _ selected __ Ivlpub _ vl & allpub __ all
Select power signals to output (pwr) __ none _ total __ devices __ subckts __ all

Set level of subcircuit to output (nesthl)

Select device currents(currents) __ selected __ nonlinear __ all __ none
Select AC terminal currents (useprobes) _ yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) __ selected __ all
Transient Time Window Options

— Transient time window save options \ e Setup
ey

Save circuit information analysis

Output Options

Qutput Format _ sst2 _ psf _ psfwithfloats & psfxl __ fsdb

Use Fast Viewing Extensions e

—
(Il

Name | What Where File Extremes Others |Enab|ed|
modelParameter models rawfile v
element inst rawfile W~
outputParameter output rawfile »
designParamvals parameters rawfile W
primitives primitives rawfile W
subckts subckts rawfile »
asserts assert rawfile il
extremeinfo all logfile yes il
<Click_To_Add= none rawfile (]
Detail: (Dode ) Sort: \name ] Threshold

9. Inthe Select signals to output section, make sure that allpub is selected. This is the
default which saves all node voltages at all levels of hierarchy, but it does not include the

node voltages inside the device models.
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10. Click OK to close the Save Options form.

Setting Up Model Libraries
1. In ADE Explorer, choose Setup - Simulation Files.

The Simulation Files Setup form is displayed, as shown below.

Figure 4-51 Simulation Files Setup Form

spectrel: Simulation Files Setup

|Files/Paths |Options |

E]--Include Paths
H , ar e
L _|<Click here toadda path=
[} Definition Files
__=Click here to add a file=
[} Stimulus Files
__=Click here to add a file=
[} Parasitic Files (DSPF)
__=Click here to add a file=
[} Parasitic Files (SPEF)
__=Click here to add a file=
[1- PSpice Files

L] _|<Click heretoadda path=

2. Verify that Include Paths is set as shown above.
3. Select Setup — Model Libraries.
The Model Library Setup form is displayed.

4. Inthe Model Library File field, type the following path to the model file including the file
name:

models/modelsRF.scs

Alternately, you can browse to the location of your model files.

The Model Library Setup form looks like the following:
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Figure 4-52 Model Library Setup Form

spectrel: Medel Library Setup

|Model File Section
E}- Global Model Files
i o models/modelsRF.scs W
sharefgpdk180_v3 3/models/spectrefgpdk scs
-I:l <Click here to add model file> _
—_—
57
5¢
—_—
Cancel Apply Help

5. When you are finished adding model files, click OK to close the Model Library Setup
form.

Setting Design Variables

In this simulation, the RF input frequency is set to 1.904G, and prf is the RF input power.
1. In ADE Explorer, change the value of the frf2to 0 in the Design Variables section.
2. Ensure that the frf1 variable is setto 1.904G. If not, change the value to 1.904G.

3. Press Enter.

Your Design Variables section looks like the following figure:

Figure 4-53 Design Variables Section of ADE

£ & Design Variables
- [ 300
- [ pre -30
- [E] vie 200m
-[E flo 1.9G
- rdgn 50
- [ fre 1.904G

Set up the HB analysis .

1. Click the Choosing Analyses icon on the right side of ADE Explorer.
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The Choosing Analyses form is displayed, as shown below.

Figure 4-54 hb Choosing Analyses Form

Choosing Analyses - ADE Explorer

Analysis — tran s dc — ac — Noise
s XF i SENS — dcmatch . acmatch
— Sth ' pZ o If 5P
— Envip o pss — pac  pstb
— pnoise . pxf — psp — qpss

— gpac — qpnoise . qpxf — Opsp
hb — hbac — hbsth — hbnoise
— hbsp — hbxf

[

Harmonic Balance Analysis
Transient-Aided Options

Run transient? [Decide autornatically n

Detect Steady State v top Time(tstab)

Save Initial Transient Results (saveinit) . no _ yes

Dynamic Parameter

Tones ® Frequencies . MNames
Number of Tones &1 w2 W3 wid
Tone 1

Fundamental Frequency

MNumber of Harmonics auto
Oversample Factor 1
Freqdivide Ratio for Tone 1 1

Harmonics |[Default ﬂ

Accuracy Defaults (errpreset)

__ conservative ¥ moderate __ liberal

Oscillator

Sweep
Loadpull
LSSP
Compression

Enabled __ Options...
- =4
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Fill in the form as follows:

2. Select hb analysis.

3. Harmonic balance can set the harmonics automatically for the signal that causes the
most distortion. This is recommended in the general case. To enable this, select Decide
automatically or Yesforthe Run Transient selectioninthe Transient-Aided Options
section. This single action will cause a transient analysis to be run until steady-state is
detected, and then from the transient analysis, the number of harmonics for Tone1
(when Frequencies is selected) or for the tone that has tstab enabled (when Names is
selected).

a.

In the Transient Aided Options section, leave Run transient? at the default value
of Decide automatically.

Run transient? will run the LO signal using the transient (In SpectreRF, this is
called the tstab interval) for a short period of time. At the end of tstab, an FFT is
performed, and this is used as the starting point in the harmonic balance analysis.
Doing this improves the convergence of hb by giving it a better starting point at the
cost of a short transient analysis.

Leave Stop Time (tstab) set to the default value of auto.

When auto is selected for Stop time, a small number of periods of the LO is run
using the transient analysis. During this time, the signal is checked for steady-state
conditions. If steady-state is not reached in the initial number of periods, more
periods can be added automatically by the simulator. Using this feature allows an
accurate FFT for the starting point in the hb iterations.

. When Run transient? is set to Decide automatically, the Detect Steady State

option is checked automatically. When this is set, when steady-state is detected in
the tstab interval, the simulator stops the transient analysis, runs the FFT, and starts
iterating in the frequency domain. Using Decide automatically simplifies the setup
for harmonic balance, and produces correct answers from hb without needing to
know how to set hb up manually.

If you want to see the startup waveform, set Save Initial Transient Results
(saveinit) to yes.

In the Tones section, choose Frequencies (this is the default value).

Harmonic balance can now set harmonics automatically for the signal that causes
the most distortion. This is recommended in the general case. A transient analysis
runs until steady-state is detected, and then from the transient analysis, the number
of harmonics for Tone1 (when Frequencies is selected) or for the tone that has
tstab enabled (when Names is selected). If you want to manually set transient-
aided hb, select Yes from the Run Transient? drop-down list and set a time for the
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transient in the Stop Time (tstab) field. In this mode, the stop time of the transient
analysis in the tstab interval cannot be automatically extended.

f. Select 2 for the Number of Tones.

g. Type1.9G and1.904G inthe Fundamental Frequency fields. 1.9 GHz is the
LO frequency and 1.904GHz is the RF (frf1) frequency. Tone 1 should be the LO
or signal which causes the most nonlinearity.

The Number of Harmonics field for Tone 1 is automatically set to auto. For Tone
2, type 5 harmonics. Your circuit is operating near the compression point, so a
higher number of harmonics has been chosen.

h. Type 1l and 1 inthe Oversample Factor fields. When all the signals in the system
(including currents) are nearly sinusoidal, then an Oversample of 1 is appropriate.

i. Leave Harmonics set to Default.

j- Inthe Accuracy Defaults section, ensure that moderate is selected. For most
normal measurements errpreset should be set to moderate. When you need to
measure really small distortions, then use conservative.

k. To set up a sweep analysis, click Sweep and set Sweep to 1 (this is the default
value).

I. For Frequency Variable? select no. You will be sweeping input power rather than
frequency.

m. Type prf inthe Variable Name field.

n. Inthe Sweep Range section, type -3 0 inthe Startfieldand -10 inthe Stop field.
o. Se tthe Sweep Typeto Linear and type 5 in the Step Size field.

p- Click Add Specific Points.

Type -8 -7.25 -6.5 -5.75 inthe Additional Points field. Note the spaces
between the entries. You may need to use smaller spacings in the power sweep as
the input power gets large and you approach the compression point. Using smaller
spacings in the power sweep near the compression point helps with
convergence.The Choosing Analyses form should look like the following:
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Figure 4-55 hb Choosing Analyses Form

' gpnoise i gpuf w Qpsp

' hbac ' hbnoise . hbsp
Harrmaonic Balance Analysis

Transient-Aided Options

Run transienty ([Pecide autarnatically n

Detect Steady State L4 Stop Timeitstab) | auto

Save Initial Transient Results (saveinit) e

Crynarnic Pararmeter

Tones ® Frequencies o Marnes

Multi-divider Mode

Murmber of Tanes [ W3 o 4

Tone Tane 2

Fundamental Frequency | 1,96 1.9846

Murnber of Harmaonics auto

Oversample Factor 1 1

Tone 1 be Ld ar sighal which causes the most nonlinearity.

Freqdivide Ratio for Tone 1 1

Harmaonics  (Default n

Accuracy Defaults (errpreset)

_ conservative ¥ moderate _ liberal
Qscillatar —
Sweep | L]
J Frequency Wariable? & no o yes

Yariable n

Wariable Marme  prf

Select Design Yariable

Sweep Range

» 5 ———
& Start-Stop Start | -ag Stop 18
‘w Center-Zpan

Sweep Type

& Linear & Step Size p
' Lagarithric ‘o Murmber of Steps

Add Specific Points M § -8 -7.253 -6.5 -5.73
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For more information on setting up the Choosing Analyses form, see Chapter 3:

Frequency Domain Analyses: Harmonic Balance in the Spectre® Circuit Simulator and

Accelerated Parallel Simulator RF Analysis User Guide.

4. Click Apply.

Setting up hbnoise to measure noise figure

Hb is used to capture the large signal behavior. Hbnoise analysis follows, and is used to
measure the noise performance. Because prf is being swept in hb, the noise figure can be
measured as a function of input power (prf).

1. Inthe Analysis section of the Choosing Analyses form, select hbnoise, as shown
below.
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Figure 4-56 hbnoise Choosing Analyses Form

— puf — psp ~ qpss — qpac
— gpnhoise . qpxf — gpsp — hb

Harmonic Balance Moise Analysis

Multiple hbnoise kel

Sweeptype default n Sweep is currently absolute

Output Frequency Sweep Range (Hz)

Start-5top n Start S Stop
Sweep Type

Autarnatic n

Add pecific Points

Sidebands
Maxirmum sideband n

Wihen using hb engine, default value is harms of 1sttone.

Maise Figure —

Qutput

prab n
robe Qutput Probe Instance Select

Do Moise L

Maise Type timeaverage n

Tirneaverage: single-sided spectrurm and harmanic-referred
{modulated) noise analysis
Contribution Type:

2 USE AN o PM o AMEPM o ALLIAM.PM.USE.LSB)

Moise Separation — ¥B5 _ ho

Separate noise into source and gain

v

Enabled Options. .

| - i >

m _ Lancel JI Defaults /| Apply J Help |
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Discussion

In hbnoise, the output frequency is fout=200K. The LO is at 1. 9GHz. The RF signal
frequency is 1.9002G, and calculated as follows:

fin=fout+1*flo +0*frfl1=200K+1*1.9G+0*1.904G=1.9002G

The LO and one RF signal are applied in HB. The second RF signal is set to zero. The
blocker frequency is setto 1.904G at the input port.

When the RF signal gets large, it introduces nonlinearity to the system, and that causes
mixing of additional noise frequencies with the RF input, thus adding more noise at the
output of the system. In this case, noise 200KHz above and below the LO harmonics of
1.9GHz will mix to 200KHz at the output, and noise 200KHz above and below the RF
harmonics of 1.904HGz will also mix to 200KHz at the output.

The noise figure can be measured as a function of the blocker power prf.

Note: The number of significant digits is set to 4. This is the default netlisting resolution
for all numerical values from the choosing analyses form. This is sufficient for this design.

However, in your particular design, you may need to increase it to a higher number (6 for
example) to see all of the significant digits in the Reference Sideband field. If you do
not set this, the frequency value will be truncated.

Type the following in CIW:
aelPushSignifDigits (6)

If you consistently need more than 4 significant digits in your forms, this can also be
added to your .cdsinitfile so that it is set automatically every time you start ADE
Explorer. In the workshop database, you can see inthe . cdsini t file that this value has
been setto 10.

Fill the hbnoise form as follows:

1. Leave the Sweeptype set to default (absolute).

2. Select Single-Point from the Output Frequency Sweep Range (Hz) drop-down list.

3. Type 200K in the Freq field. This the output frequency (fout) from the mixer.

4. In the Sidebands section, leave the Maximum sideband field blank. When the
Maximum sideband field is left blank, (strongly recommended for noise analysis) all the
noise folding from all the harmonics in the hb analysis are included in the noise result.

5. Select the Noise Figure option.
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6. Inthe Output section, leave the Output set to the default value of probe. Type /rif in
the field to the right Output Probe Instance. Alternately, you can click the Select
button and select the output port in the schematic.

Since probe was selected as the output measurement technique for the pnoise analysis,
Spectre will subtract any noise contribution by the load resistance from the noise figure
calculation. The load resistor noise is still present in the output noise.

7. Ensure that the Input Source is set to type port (this is the default). Type /r £ for the
Input Port Source. Alternately, click Select to the right of Input Port Source and
select the input port in the schematic. If you want a noise figure calculation, you must
select a port as the input source.

In the Reference Sideband section, choose Select From List. The form will expand
to show the available frequencies. The reference sideband specifies the RF passband
frequency for the noise figure calculation.

8. Under Select from list, inthe From (Hz) and To (Hz) fields, you should see Oto 1e12
by default.

9. Selectthe u 1.9002G 1 0 line. This corresponds to the input rf frequency.

10. Ensure that Do Noise is selected and that Noise Type is set to timeaverage. When
Noise Typeis setto timeaverage, the output noise calculated by hbnoise is the average
noise power that is present with both the LO and RF signals applied in the circuit.
Average noise power is also called RMS noise power. It is the true heating power that
would be present in the load resistor.

11. Select the USB option.
12. Leave the rest of the form set to the default values.

The Choosing Analyses form should look like the following:
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Figure 4-57 hbnoise Choosing Analyses form

Analysis “ tran e do S oac ‘' noise i
i uf s SERnS “ dcrmatch o acmatch
“ stb s p2 ' Sp e envlp
‘e PSS ‘e pac ‘" pstb ‘e pnoise
 puf s psp “/ gpss s gpac

“ qphoise . qpxf e QPSP kb
op S

Harmonic Balance Moise Analysis

Multiple hbhaoise led

Sweeptype default n Sweep is currently absolute

Cutput Frequency Sweep Range (Hz)

single-point |5l IF,,Eq 288K

Add Specific Points el

Sidebands

Plaximum sideband B

wyhen using hb engine, default value is harms of 1st tone.

Maoise ure

Cutput

E!roben Output Probe Instance frif . Select |

Input Source

Input Port Source it | Select |

Reference Side-Band |fiinl| = |flout) + refsideband freq shift|
Select from list n
From {Hz) @& Ta (Hz) 1e1z hax Orderd
side Freguency 1.9G 1.9840G

Do Maise

Moise Type fiMeaverage n

Timeaverage: single-sided spectrurm and harmonic-referred
{modulated) noice analysis
Contribution Type:

& USE o~ AM o PM o AMEPR - ALLIAM.PMUSE.LSE)

Enabled s Options...
o i) 7 -

[ ok W= Defaults ) apply Help
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13. Click Apply.

Set up HBAC to measure conversion gain.

1. Inthe Choose Analyses form, select hbac. The hbac Choosing Analyses form is

displayed, as shown below.
Figure 4-58 hbac Choosing Analyses Form

Choosing Analyses - ADE Explorer

Analysis — tran — dc — ac — Noise
— uf — SENs — dcmatch o acmatch
— sth — pz - If — Sp
- emvlp o pss — pac — pstb
— pnoise . pxf — psp — gpss
— qpac . qpnoise . gpxf — qpsp
— hb #® hbac — hbsth — hbnoise
 hbsp o hbxf

Harmonic Balance AC Analysis

Sweeptype (default n Sweep is currently absolute

Input Frequency Sweep Range (Hz)

Sweep Type

Automatic n

Add Specific Points

Add Points By File

Sidebands
_Maxirnurn sideband n

When using hb engine, defaultvalue is harms of 1st tone.

Specialized Analyses

MNane n

Enabled Options...

m _ Cancel | Defaults /| Apply /| Help

Fill in the hbac Choosing Analyses form as follows:
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Set the Input Frequency Sweep Range (Hz) selection to Single-Point.
Type 1.9002G in the Freq field. This is the input frequency.

In the Sidebands section, choose Select from range.

o os w N

Under Select from range, in the From (Hz) and To (Hz) fields, you should see 0 to
1e12, by default.

6. Selectthe /| 200K -1 0line. 200K is the output frequency from the mixer. This will
measure the conversion gain.

7. The Choosing Analyses form looks like the following:
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Figure 4-59 The hbac Choosing Analyses form

Choosing Analyses - ADE Explorer

Analysis  tran Wt dc o ac « noise
i xf w SEens — dcmatch . acmatch
— sth i pz i IF — sp
w emvlp o pss  pac  psth
« pnoise . pxf w Psp »s Opss
w Qpac . gpnoise . gpxf w qpsp
 hb ® hbac . hbsth . hbnoise

— hbsp  _ hbxf

Harmonic Balance AC Analysis

Sweeptype an Sweep is currently absolute

Input Frequency Sweep Range (Hz)

sngiepoint B Freq 100026 |

Add Specific Paints

Add Points By File

Sidebands FromiHz) 0o Max. Order

selectirommange K 15y .

side Freguency 1.96 1.984G

Specialized Analyses

Maone n

Enabled Optians...
A —

m Cancel Defaults Apply Help

8. Click OK.

Run the simulation

1. Click the green arrow icon on the right side of ADE Explorer or in the Schematic window.
> - The simulation runs.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logfile). When the analysis has completed, you may iconify the status
window.
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Plot the 1dB Gain Compression point
1. In ADE Explorer, choose Results - Direct Plot - Main Form.

The Direct Plot Form is displayed. Alternately, you can press the Direct Plot icon in
the schematic window, as shown below.

2. In the Direct Plot Form, select hb_mt.

hb_mt refers to multitone harmonic balance.
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Figure 4-60 Direct Plot Form

Direct Plot Form

Flotting Mode
Analysis

— tstab] & hb_mt

Function

® Voltage — Current

— Power — Voltage Gain

— Current Gain — Power Gain

— Transconductance . Transimpedance
— Compression Point . IPN Curves

— Power Contours — Reflection Contours
. Power Added Eff. — Power Gain Vs Pout
— Comp. Vs Fout — Mode Complex Imp.

Select [MNet n

Sweep

® spectrum o frequency . wvariable
— Ifft

Signal Level & peak _ rms
Modifier

#® Magnitude _ Phase — dB20
— Real — lmaginary

Scalar Expression

Value At(harms)

-40
Variable [-33
-30
Value .25
(prf) -20

Add To Outputs  —

= Select Variable Value (prf) on this form..

e

3. Select Compression Point in the Function section.

4. Ensure that Port (fixed R(port) ) is selected from the Select drop-down list.
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5. Select Output Power is selected from the Format drop-down list.
6. Select the 4M -1 1 term in the 1st Order Harmonic section.

The Direct Plot Form should look like the following:

Figure 4-61 Direct Plot Form hb_mt

—| Direct Plot Form |5
Flotting Mode M
Analysis

_ tstab ® hb_mt

Function

— Voltage — Current
 Power — Voltage Gain
« Current Gain . Power Gain

« Transconductance . Transimpedance

I.!, Compression Point I — IPN Curves

. Power Contours . Reflection Contours

 Power Added Eff.  Power Gain Vs Pout

w Comp. VsPout  MNode Complex Imp.

select (Port(fixed Riport)) n

Format (Qutput Power n

Gain Compression (dB) 1

"prf" ranges from -40 to -20
Input Power Extrapolation Point (dBm)
{Defaults to -40)

Input Referred 1dB Compression n

Freg.(Hz) Lo RF RF2
3
1st 0
]
Order [l -1 -1 2
Harmanic B -2 3 -1
3 =

N -1 -2

Loadpull Contours  _
Add To Outputs —

= Select Port on schematic...

iose
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7. In the schematic, select the signal source just to the left of the Output label.
The plot of Output Power vs. prf is displayed.

To move the label, click to select the 1dB Compression point label, , and hold and drag
the Compression Point label to the desired location. (First, select a random point in the
graphics area to deselect the marker intercept point. Otherwise, the label will not move.)

Note the compression point. The input-referred compression point is about -6. 1dB.

Figure 4-62 Input Referred 1dB Compression Point

Eile Edit “iew Graph Axis Trace Marker Measurements Tools Window Browser Help (éden ce
IF-B-od Smls ¢ % 0 B x| 2 ey @l
Iy &7 B 1) suowinawas: 1 @0 M | Y EN T
L ExamplelibRF db_mmixer schernatic

("/out2" Presult "hb mt fi") ...t resultParam ("rifir" Presult "hb mt fi") Pgeemp 1

Input Referred 1dB Compression =
-5, 10856

1st Order

Iy

Power (dEm)

Port = "/rif"

lst Order freq = 4M

lipnouse L: 1 R:

200207 | Trace: compressionCurves; Context: feerversfscratch3rfkamalispectrerftestcase151/RF_Doc_Databaselsinnulatio
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The expression used to plot the Compression curves is shown above in the waveform
window.

Plot the RF-IF conversion gain as a function of RF (Blocker) power
8. Inthe Direct Plot Form, set Plotting Mode to New SubWin.
9. In the Analysis section, select hbac_mt.
10. In the Function section, select Voltage.
11. Select Net (this is the default).
12. In the Sweep section, select variable.
13. In the Modifier section select dB20.
14. In the Output Harmonic section, select the 199.9999999998K -1 0 line.

The Direct Plot Form should look like the following:
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Figure 4-63 Direct Plot Form hbac_mt

Direct Plot Form

Plotting Mode Mew SubWin

Analysis

| % hbncise_mt
.~ Function

®, Voltage w Current

«s IPN Curves

Select (Met n
Sweep
G smcram [© vt
Modifier
« Magnitude . Phase
| Real « Imaginary

Freq.(Hz) _hb_ton _hb_ton

| 199.9999999998K

Output

Harmmonic

Loadpull Contours |

Add To Outputs —

15. In the schematic, select the out1 net near the Output label.

Cancel Help
R i

The conversion gain is plotted. As the blocker power goes up, the conversion gain drops.
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Figure 4-64 1dB Compression Point and Conversion Gain
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22 -14

pif (dBm)
lmouse L ha: R:
200207 | Trace: compressionCurves; Context fserversfscratch03dskamalfspectrerftestcase131/RF_Doc_Databasesfsimu J

Plot the noise figure
16. In the Direct Plot Form, select hbnoise_mt in the Analysis section.
17. In the Function section, select NFdsb.

The Direct Plot Form should look like the following:
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Figure 4-65 Direct Plot Form Plotting NFdsb
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18. Click Plot.

The noise figure plot is added to the previous plot in a new sub window, as shown below.
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Figure 4-66 1dB Compression Point, Conversion Gain, and Double Sided Noise
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Make the noise figure result more readable.

19. Inthe most recent sub window, move your mouse cursor over one of the numbers on the
X Axis, click the right mouse button, and select Swap Sweep Var from the context
menu, as shown below.
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20.

21,
22.

Figure 4-67 X-Axis Properties Form

YwsY..

Swap Sweep Var.. I

v Major Grids
v Minor Grids
Log Scale
v Show Units

Allow Any Units

The Swap Sweep Var form is displayed.

In the Swap Sweep Var form, select prf from the Sweep Variable drop-down list.
Leave Plot Destination set to New Subwindow. Enter 200k in the X Valuefield. Note that
for this menu, you must enter k, not K.

Figure 4-68 Swap Sweep Variable Form

Swap Sweep Var

Sweep Variables prf n

Plot Destination pjew subwindow n

m - Close A HeIpJ

Click OK.

The waveform window is now fairly difficult to read. In the waveform window, select Card
icon from the Graph toolbar. The Card mode displays one subwindow at a time so that
the display area becomes larger. You can switch which subwindow is displayed at any
time.
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Figure 4-69 Selecting Card Mode Layout

Fle Edit View Graph Axis Trac

.lmﬁj\l/avﬁ/rvi l G =i @
.m':'/.." &) % DD Subwindows,

Il ExamplelibREdb_mixer1 X

compressionVRICurves((v("/o

The waveform window changes to the Card mode and the Noise Figure plot is much
easier to read, as shown below.
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Figure 4-70 Noise Figure
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Note the trend in conversion gain and noise figure. As expected, the noise figure goes
up and the conversion gain goes down with increasing RF blocker power (prf).

23. Toview other subwindows, select another plot to view from the Subwindows drop-down
list.
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Figure 4-71 Selecting Subwindow to View a Different Plot in Card Mode
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Clean up the screen for the next set of measurements.
24. Close ADE Explorer by choosing Session - Quit.

25. In the Schematic window, choose File - Close All.

Summary:

In this section, you measured 1dB compression point, conversion gain, and desensitization
with an RF blocking signal present using hb, hbnoise, and hbac analyses.

In the next section, you will measure the Third-Order Intercept using Harmonic balance.

September 2023

410
© 1990-2023

Product Version 23.1
All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Third-Order Intercept measurement with HB

In the frequency domain, third-order products are the intermodulation distortion products
between one of the fundamental signals and the second harmonic of the other signal.

Figure 4-72 Intermodulation Distortion Products

2 input signals (fundamentals)
of equal amplitude

atf; and f,
2f, and 2f, are harmonics
second order A A
intermod
oot 2f-fp  f1fo 2ffy of, 2f,

f1 +f2

3rd order intermods

The presence of two or more tones in a nonlinear circuit generates intermodulation products.
Many of the spurious tones are out-of-band and cause no problems. However, the third-order
tones are nearest to the fundamental and are likely to fall in-band. They add distortion to the
output signal. IP3 is a metric or figure of merit for linearity that is used to describe the
intermodulation performance of a mixer.

To do the Third-Order Intercept measurement, in this section, both the RF and the LO signals
are applied to the circuit. Using the transient analysis is impractical due to lengthy runtimes
and spectral calculation times. The harmonic balance engine is used to overcome these
disadvantages. This setup has the advantage of being able to see all of the harmonics
on the IF, but it takes longer to run than rapid IP3 for a small-signal measurement.
If you want a small-signal IP3, a faster way to approach the problem is shown in the
next section. Using HB by itself for an IP3 measurement is typically only required for transmit
mixers and power amplifiers. It is shown here so you can compare two different methods of
obtaining IP3: Using three tone hb vs. rapid IP3.

Opening the db_mixer Mixer Circuit in the Schematic Window
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1. In the CIW, choose File — Open.
The Open File form is displayed.

2. Inthe Open File form, choose ExampleLibRF fromthe Library drop-down list. Choose
the editable copy of the ExampleLibRF that you created as described earlier in this

manual.
3. Choose db_mixerin the Cells list box.

The completed Open File form appears like the one below.

Figure 4-73 Open File Form

Open File
File
) Cells
Librar ExampleLibRF
! ' n 4_inv_th1
Cell db_mixer DIFF_INV
INV
i RC_Oscillator
’ R I —
View Lhemee n WC_Ring_Osc_Diff
Type schematic cascode
=
Browse db_mixer_xmit
- ~ invlx
Inasimple
Application DpamEl ) |
. oscillator_ckt
Open with _SchernatlcsL n <h fet test
— Always use this application for this type of file i

Open for ® edit _ read

Library path file ommy /adeTest/spectreRFtestcase/RF_Doc_Database/cds . lib

Openin ® newtab o currenttab o newwindow

m _ Lancel | Help
4. Click OK.
5. Click OK in the Create new ADE Explorer view form.

The Schematic window for the db_mixer mixer is displayed.
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Figure 4-74 db_mixer Schematic

® Schematic Editor L Editing: ExampleLibRF db_mixer schematic

Launch Hle Edit View Create Check Options Window Help

cadence

_._L.l'@ __"%"IQLLJ%O T ¢ -1 -5 - -|Q ";'\'-\Is-.;”
Q- Basi BE & Iy | T8 o -

BE0

Navigator

Instances
<) db_mixer

QB
Mame - AT
db_mixer
C0 {cap)
- (@) C1 (cap} =
- gl C2 [cap)
- gl C3 [cap)
- gl 12 (balun)
- gl L0 (ind)
- Q1 (pnp)
- gl Q2 (npn)
- gl Q3 (npn)
- (Z) Q4(npn)
- Q5 (pnp)
- gl Q6 (npn)
- g Q7 (npn)

| Property Editor 78X

Input

mouse L: schSingle SelectPt()
3| >

M: de Openi)

L mE

R: schHiMouse PopUp()
Cmd: Sel: 0 J|

6. In the Schematic window, choose Launch — ADE Explorer.

ADE Explorer is displayed, as shown below.
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Figure 4-75 Virtuoso Analog Designh Environment Window
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Choosing Simulator Options
7. In ADE Explorer, select Setup — Simulator.
The Choosing Simulator is displayed.

8. Select spectre from the Simulator drop-down list.

Figure 4-76 Choosing Simulator/Directory/Host Form

@D el sppy o Help

9. Click OK to close the Choosing Simulator form.

10. Set up the High Performance Simulation Options
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In ADE Explorer, select Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed, as shown below.

Figure 4-77 High Performance Simulation Options Window

High-Performance Simulation Options

Simulation Performance Mode — Spectre !,APS w Spectre X s XPSMS

General

Accuracy + Speed
Error Preset: ® Do notoverride . Liberal _ Moderate . Conservative
APS Options

Use ++aps:
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Post-Layout Settings
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Instance Preservation: 2 MNone o Selected

m _ Cancel | Defaults /| Apply /| Help

In the High Performance Simulation Options window, select APS. Note that auto is
selected for multithreading. The effect of this is to detect the number of cores on the

system (up to 16) and then multi-thread on all the available cores. The bigger the circuit,
the more threads you should use. For a small circuit such as this, you may want to set
the number of threads to 2. Using 16 threads on a small circuit might actually slow things
down because of the overhead associated with multithreading. For more information, see

the Spectre Circuit Simulator and Accelerated Parallel Simulator User Guide.
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Click OK.

11. Select Outputs — Save All.

The Save Options form is displayed.

12. In the Select signals to output section, make sure that allpub is selected.

Figure 4-78 Save Options Form
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Save Options

Save Options

© 1990-2023
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Set probe terminal level (prabelvl)
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This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.

In the Select signals to output section, make sure that allpub is highlighted. This is
the default which saves all node voltages at all levels of hierarchy, but it does not include
the node voltages inside the device models.

13. Click OK to close the Save Options form.

Setting Up Model Libraries

1. In ADE Explorer, select Setup - Simulation Files. The Simulation Files Setup form is
displayed, as shown below.

Figure 4-79 Simulation Files Setup Form

spectrel: Simulation Files Setup

|Files/Paths |Options |
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[} Stimulus Files
__=Click here to add a file=
[} Parasitic Files (DSPF)
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ok IR

2. Ensure that the Include Path is set as shown above and click OK to close the form.

3. Select Setup — Model Libraries.
The Model Library Setup form is displayed.
4. Inthe Model Library File field, type the following in the name of the model file:

models/modelsRF.scs
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Alternately, you can click the Browse button and browse to the modelsRF . scs model
file.

5. Ensure that the Model File name is selected.
6. Click Apply.
The Model Library Setup form looks like the following:

Figure 4-80 Model Library Setup Form

spectrel: Medel Library Setup

|Model File Section
E}- Global Model Files
i o models/modelsRF.scs
sharefgpdk180_v3 3/models/spectrefgpdk scs

-I:l <Click here to add model file> _

_ Cancel | Apply | Help

7. Click OKto close the Model Library Setup form.
Setting Up the Simulation

First view the input port settings.
1. In the schematic, select the RF source (port) just to the right of the Input label.

2. Note that the Property Editor (left side of schematic) displays the properties of the
selected port. For instructions on how to re-size the Property Editor window, see the
Virtuoso Schematic Editor L User Guide.
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Figure 4-81 Property Editor Showing Properties of Selected Port
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3. Use the scrollbar on the right of the form, if necessary, so that you can view all of the
properties.

Note that the Source type is set to sine. This enables the RF tones.

Note that the first sinusoid’s frequency is set to the variable frf1 and the second
sinusoid’s frequency is set to the variable frf2.
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Both sinusoids have the amplitude set to the variable prf.
4. Inthe Design Variables section of ADE Explorer, verify that variables are set as follows:
Q frf1to 1.904G. This is the first RF frequency.
Q frf2to 1.905G. This is the second RF frequency.
Q prfto -30. This is the input power level for both RF tones.

Figure 4-82 Design Variables section
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5. Click the Choosing Analyses ( ;g‘;gm)icon on the right side of the ADE Explorer window
to open the Choosing Analyses form.

The Choosing Analyses form is displayed, as shown below.
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Figure 4-83 hb Choosing Analyses Form

Choosing Analyses -- ADE Explorer

Analysis % tran - dc — ac — naoise
o xf — SENS — dcomatch . acrmatch
— Stb ' pZ s IF - s5p
— envlp . pss — pac — psth
— pnoise . pxf — psp — qpss
— qpac — Qpnoise . qpxf — qpsp
— hb — hbac — hbsth . hbnoise
— hbsp . hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative moderate __ liberal

__ Transient Moise

Dynamic Parameter

Enabled __ Cptions...

m _ Lancel | Defaults | Apply | Help

6. In the Analysis section, choose hb.

Harmonic balance can set harmonics automatically for the signal that causes the most
distortion. This is recommended in the general case. To enable this, select Decide
automatically or Yesforthe Run Transientselectioninthe Transient-Aided Options
section. This single action will cause a transient analysis to be run until steady-state is
detected, and then from the transient analysis, the number of harmonics for Tone1
(when Frequencies is selected) or for the tone that has tstab enabled (when Names is
selected).

7. Inthe Transient-Aided Options section of the form, leave the settings at their default
values, unless otherwise noted.

a. For Run transient? select Decide automatically.

Run transient? will run the LO signal using the transient (In SpectreRF, this is
called the tstab interval) for a short period of time. At the end of tstab, an FFT is
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performed, and this is used as the starting point in the harmonic balance analysis.
Doing this improves the convergence of hb by giving it a better starting point at the
cost of a short transient analysis.

b. For Stop time (tstab), auto is automatically populated in the field.

When auto is selected for Stop time, a small number of periods of the LO is run
using the transient analysis. During this time, the signal is checked for steady-state
conditions. If steady-state is not reached in the initial number of periods, more
periods can be added automatically by the simulator. Using this feature allows an
accurate FFT for the starting point in the hb iterations.

When Run transient? is set to Decide automatically, the Detect Steady State
option is checked automatically. When this is set, when steady-state is detected in
the tstab interval, the simulator stops the transient analysis, runs the FFT, and starts
iterating in the frequency domain. Using Decide automatically simplifies the setup
for harmonic balance, and produces correct answers from hb without needing to
know how to set hb up manually.

c. For Save Initial Transient Results (saveinit), select yes.

During the transient-assisted HB simulation, a transient simulation runs before the
frequency domain iteration of harmonic balance. Only the signal in Tone1 is enabled for
this. Make sure you set the signal that causes the largest amount of distortion in the
circuitas Tone1. This is usually the LO signal. At the end of the tstab, an FFT is run and
its result is used as the starting point for the frequency domain iterations.

All the signals are applied and the simulation is done in the frequency domain. Only the
signals, harmonics, and the mixing products are calculated by hb.

Figure 4-84 Transient Assisted Harmonic Balance

Harmonic Balance Analysis

Transient-Aided Options

Rur trancient? (Decide automatically n

Detect Steady State v IStDp Tirmeltstabl auto

Save Ihitial Transient Results (saveinit) — ho iéyegé

8. Inthe Tones section, select Names. When Names is selected, the Tones portion of the
form expands. All the sources in the top-level schematic are read into the form
automatically. Only one signal can have transient assist. When Tones is set to Names,
the signal with tstab set to yes can have transient assist. Choose the signal that
produces the largest amount of distortion for transient assist, in this case, it is LO.
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9.

10.

11.

12.

September 2023
© 1990-2023

Select LO in the Tones section.

You can use hb with up to four signals present in the circuit. In this circuit, there are three
tones, the LO and two RF tones. The two LO signals have the same name, the same
frequency, and are considered a single tone. Whenever you have two signals at the
same frequency, make sure you set the Frequency Name 1 or Frequency Name 2
property on the source to the same name as it was done in this example. When Tones
is set to Names, the simulator considers both of the sources as a single input signal.

You viewed the names (frf1 and frf2) in the input port sources in an earlier step.

Figure 4-85 Tones Section of the Choosing Analyses Form with Tones Set to
Names
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Ensure that Tstab is set to yes in the Tones section for the LO tone. Set tstab to yes
on the signal that causes the largest amount of distortion in the system. (In this example,
that is the LO tone).

On the LO tone, ensure that Mxham is set to auto (type auto in the field, if necessary).
Since the circuit is mildly nonlinear (that is, the signals have no sharp edges), leave
Ovsap (oversample) set to the default value of 1.

Click Change. The form updates. Both LO tones now have Mxham=auto and
Tstab=yes.

Note: If not using Mxham as auto on the LO tone, change the Maximum harmonics
on the LO tone from 3 to 10. Place the cursor in the field under Mxham and type 10.

Since the LO signal is well above compression, a higher number of harmonics is advised.
When you set harmonics manually, if a signal is below compression, start with 3
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13.

14.

15.

16.

17.
18.

harmonics. If a signal is at compression, start with 5 harmonics. If a signal is above
compression, start with 7 harmonics. Run the simulation. Now increase the number of
harmonics on each tone separately by about a factor of 1.5, and run again. If the result
changes, increase the harmonics again. If the result does not change, the original
number of harmonics was enough, and you might be able to decrease the number of
harmonics. For fastest runtime with full accuracy, use the smallest number of harmonics
for each tone that is applied to the circuit.

Select the RF tone in the Tones box. Ensure that Mxham is set to 3. Do the same for
RF2.

Click Change to update the form.

For the Harmonics selection (just below the list of inputs), leave it at the default value of
Default. If you click Select, you would have the option of setting the method to
diamond, funnel, or axis cut. (For more information on diamond, funnel, and axis cut,
see Chapter 3: Frequency Domain Analyses: Harmonic Balance in the Spectre® Circuit
Simulator and Accelerated Parallel Simulator RF Analysis User Guide)

Set Accuracy (errpreset) to conservative. The third and fifth order intermodulation
distortion is calculated with this setup.These amplitudes are small, and thus high
accuracy is needed.

In the Sweep section, click Sweep. Leave it set it to the default value of 1.

For Frequency Variable? select no. You will be sweeping input power rather than
frequency.
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19.

20.
21,
22,

Figure 4-86 Sweep Section in hb Choosing Analyses Form
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r
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rdgn

Sweep Type
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_ Logarithmic
Click Select Design Variable and select the prf variable for the power sweep in the
Select Design Variable form.

Click OK in the Select Design Variable form.
In the Sweep Range section, type -40 in the Start field and -2 0 in the Stop field.
Select Sweep Type as Linear and type 5 in the Step Size field.

Note: Because this is a small-signal measurement, you want to make sure your power
sweep range does not go too high (stay operating at least 10dB below the 1dB
compression point).

The completed Choosing Analyses form should look like the following:
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Figure 4-87 Choosing Analyses Form Setup for IP3

Harmmonic Balance Analysis

Transient-Aided Cptians

Run transienty \Decide autarnatically n

Detect Steady State v Stop Tirmeltstab)  auto

Save Initial Transient Results (saveinit) _ no M yes

Dynarmic Pararmeter

Tanes ' Frequencies | ® Marmes

Tanes

# Mame Expr Value Mxham Ovsap Tstab SrcId

3 RF

RFZ frfz 1.9836 3 1 no n rf

| Change | |Delete ) | Update Frorn Hierarchy |

Fregdivide Ratio for tone with Tstab 1

[Harmonics \Default B ]

‘ Accuracy Defaults (errpreset) ‘

I! cnnservativel_ moderate _ liberal

[ Oscillator — ]

SWee 1 ~
i LJ Frequency ¥ariable?r ® no o yes
Wariable n i
Wariable Marmel prf
[ Select Desizn Variable J
Sweep Range
. . P—
‘& Start-Stop Start  -4a Stop _2a
' Center-Span
Sweep Type
2 Linear & Step Size
‘o Laogarithric ‘w Mumber of Steps
mi Cancel J|_Defaults )| Apply JI_ Help )
23. Click OK.
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24. Start the simulation. From the ADE Explorer or the Schematic, click the green arrow icon
(p )on the right side of the window.
The Spectre output window is displayed with the simulator status information. Note the
time it takes to run the simulation.
Figure 4-88 Spectre.out File Showing Elapsed Time
_| /servers/scratch50g/jommy/adeTest/spectreRFtestcase/RF_Doc_Database/simulation/ExampleLibRF/db_mi . | _i| ¢
File Edit View Help cadence
fistor "re' has been deleted because its walue of 100 mOhm ( R / MFactor ) was smaller than “minr'.
fistor "re' has been deleted because its walue of 100 mOhm ( R / MFactor ) was smaller than “minr'.
Elues to rawfile.
r.info ...
E to rawfile.
I'.lnlalues to rawfile.
Er.oinfo ...
r= to rawfile.
ramvals.info ...
Es . info.primitives ...
info.subckts ...
b019)
util. = 72.8%.
Ec 4, 2019, ended at: 11:21:27 AN, Wed Dec 4, 2019, withlelapsed time (wall clock): 2.58 s, I
hgs, and 3 notices. e
22 | s L757 61
25. After the simulation finishes, plot the output spectrum.
In ADE Explorer, choose Results - Direct Plot - Main Form. Alternately, you can click
the Direct Ploticon ( z - )in the Schematic window.
26. In the Analysis Section, select hb_mt.
27. In the Function Section, select IPN Curves.
28. From the Select drop-sown, choose Net (Specify R).
29. Leave the Resistance set to the default value of 50.
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30. Select Variable Sweep (“prf”) for Circuit Input Power.

31. Leave Input Power Extrapolation Point (dBm) set to the default (first point in the
sweep).

32. Choose Input Referred IP3, 3rd Order.

33. Forthe 3rd Order Harmonic, choose the 3M -1 2 -1 entry.
Depending on the input frequencies chosen, hb may calculate multiple outputs at the
same frequency. To determine which entry to select, add up the absolute value of all of
the terms (for example, |-1| + 2 + |-1] = 4and0 + |-3| + 3 = 6)andchoose
the one with the lowest value. This is the lowest order term, which is usually the term that
is desired.

34. Forthe 1st Order Harmonic, choose the 5M -1 0 1 entry.
The completed Direct Plot Form should look like this:
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Figure 4-89 Direct Plot Form - IP3 from HB simulation

B ect Plot Fo xl

Plotting Mode  APPeEnd [~ |

Analysis

~ tstab

Function

‘w Voltage ‘w Current

‘w Power w Voltage Gain

‘w Current Gain ‘w Power Gain

‘v Transconductance ‘o Transimpedance

' Compression Point |2 IPN Curves

' Power Contours ' Reflection Contours

‘v Power Added Eff. '~ Power Gain Vs Pout

‘w Comp.¥s Pout

‘w Mode Cormplex mp.

select |Metlspecify R

D]

Resistance (Default is 50.)

Circuit Input Power w Sihgle Point

% Yariable Sweep

"pri'ranges from -40 to -20
Input Power Extrapolation Point (dBErm)
(Defaults to -40)

("pre)

|_Input Referred IP3 B

Order 131d B

Freq.{Hz) Lo RF

Add To Outputs —

» Select Met on schermatic...

3rd
3M a -3 3
Order 4N -1 1 B
Harrmuonic oM -1 1
&M -1 -1 2
ZM 5] -2 2
st M -1 3 -2 e
Order 3M -1 2 -1
3M a -3 3
Harmanic AN -1 q a
@ |

Help
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35. Click the out1 net on the schematic just below the Output label, as shown below. Then
press the Esc key, with the mouse cursor in the schematic window. This closes the
Direct Plot Form.

Figure 4-90 Select Output Net on Schematic

The IP3 Plot is displayed in the waveform window.
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Figure 4-91 IP3 Plot from 3-tone Harmonic Balance simulation

Eile Edit Miew Graph Axis Trace Marker Measurements Tools Window Browser Help (édence
IB-B-EdSmls ¢ % 0B XI008aQ i e B
l## 7 B 0 subwindows; 1 Kglm M | |Data Point 0000000000 [y I [ cossic [@»
4 ExamplelibRF db_mixer schematic

-l ipnCurves
ipht @ 3rd Order -10.0
| ipnC

-30.0 Input Referred 1P3 = 4.51827

40,0

= 0.0

80.0 B et (50, (Fout1n"

90.0

Srd Order freq = 3M

1000 3dB/dB

-110.0 lst Order fraq = SM

1200

limouse L: M R: :

241209 | Trace: ipnCurves (trace=Tst Order); Context: fservers/scratch03/kamalfspectrerftestcaseld1/RF_Doc_DatabaseSsimulation/db_mixer/

Intermodulation products increase at rates that are multiples of the fundamentals. In the
small-signal region, third-order terms increase 3dB per dB and the second-order terms
increase 2dB per dB.

Note: If you do not see the IP3 readout, you may need to click in the graphics area to
deselect the marker, then select and move the Input Referred IP3 readout so that it is
positioned in the visible area of the graph.

In the previous plot, you can see that the circuit is operating within the small signal region.
The third-order curve is following a 3dB/dB slope. Note the IP3 measurement. You will
compare this to the IP3 measurement using the Rapid IP3 methodology.

September 2023 431 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

In the next section, you will plot the IP2 curves.

Plotting the IP2 Curves
1. Inthe Direct Plot Form, change the Plotting Mode to Replace.

2. Change the Orderto 2nd.
3. Choose Input Referred IP2.
4. Forthe 2nd Order Harmonic, choose the TM 0 -1 1 entry.
5. Forthe 1st Order Harmonic, choose the 5M -1 0 1 entry.
The Direct Plot Form should look like the following:
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Figure 4-92 Direct Plot Form for Input Referred IP2 Plot

‘' Cornpression Point # IPN Curves
w Power Contours w Reflection Contours
w Power Added EfT. w Power Gains Pout

‘e Comp.Ys Pout ' Mode Complex Imp.

select (Metispecify R} B

Resistance (Defaultis 50.)

Circuit Input Power ‘w Single Paint
& Yariable Sweep i"prf")

"pr* ranges from -40 to -20
Input Power Extrapolation Point (dBm)
(Defaults to -40)

_nputReferred P2 order (2nd
Freq.(Hz) LD RF RFZ
2nd
ZM -£ £
Crd
rder N ) 5 )
Harmanic M -1 7 -1
JM 5] -3 3
£M 5] -£ £
15t Zn -1 3 -z [E]
M -1 £ -1
Crd
resr 3M 2 -3 3
Harrnonic AW | 1 o)
SH -1 B 1 =
Add To Qutputs | — Replot
— i sty

> Select Met an schernatic...

6. Click Replot.

The IP2 Plot is shown in the following figure. Although it appears that the IP2 point is not
at the intercept point of the first and second order curves, it does actually calculate that
point. It is attached to the last result of the second order curve so the X axis can display
just the simulation result. Also, note that above -30 dBm, the input power is high enough
to cause deviations from the small-signal 2dB/dB curve. Since the extrapolation point at
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the first value of the sweep is used to do the IP2 calculation, the IP2 result is correct
because the data follows the 2dB/dB curve below -30 dBm input power.

Figure 4-93 IP2 Plot from 3-tone HB Analysis

Eile Edit Miew Graph Axis Trace Marker Measurements Tools Window Browser Help (éden(e
I¥-B-cdSmls ¢ %0 B X| 8 QM e @1
|l g &2 B [0 subwingows; 1 K M | |Data Point ooooooo0oo | gl | BB [l ciassic @ >
| ExampleLibRF db_rnixer schematic

0.0
* ipnCurves
10,0
20,0
-30.0
40,0
Input Referred [P2
—~ B0.0
70,0

50,0

90,0

And Order freq =AM

-100,0

2dBsdB

-110.0 1st Order freg = SM

-120.0

orf (dBm)

lirnouse L: fl: R:

240209) | Trace: ipnCurves (frace=2nd Order); Context: fserversfscratch03/kamalispectrerftestcasel31/RF_Doc_Databasefsimulationsdb_ J

Note: If you do not see the IP2 readout, you may need to click in the graphics area to
deselect the marker, then select and move the Input Referred IP2 readout so that it is
positioned in the visible area of the graph.

Note the IP2 measurement for comparison later when measuring IP2 using the Rapid
IP2 methodology.

Leave the db_ mixer schematic and ADE Explorer opened. You will use them in the next
section.
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Rapid IP2 and IP3 Measurement

Another way to calculate IP3 and IP2 is to apply the LO only in the hb analysis and select
Rapid IP2/IP3 from the hbac analysis. This is the fastest approach but it is limited to a small-
signal IP3 measurement. It is also important to note that Rapid IP3 is not recommended for
passive FET mixers where bsim3 or bsim4 models are used. In a small-signal application, this
technique and the 3 tone hb method produce answers typically within 0.1dB of each other for
IP3. For IP2, if extreme accuracy measures like very small reltol and vabstol, and a large
number of harmonics are set in the 3-tone HB analysis, then closer agreement can be
expected. These measures cause the 3-Tone HB analysis runtime to increase dramatically.

IP2/3 is calculated from a first and second/third order term. Because of the small-signal
projection, hbac is used to measure IP2 and IP3. hb analysis applied to the LO tone captures
the nonlinearity of the circuit created by the LO and the resultant frequency translation. The
hbac analysis is used to calculate the amplitude of the first, second, and third order terms that
are downshifted by the LO. The Analog Design Environment has a Direct Plot function to
automate the IP2 and IP3 calculations.

1. In ADE Explorer, set the frf1 and frf2 design variables to 0.

Figure 4-94 Design Variables Section of ADE Simulation Window

E]& DresignVariables

@ 300
[ prf 30
[ vio 200m
- fie 1.9G
- rdgn 50

- [ frre 1904 0
- [ friz 1905 M

2. Inthe Design Variables section, click 1.904G to the right of the variable frf1 and type
0 and press Enter.

3. Select 1.095G to the right of the variable frf2 and type 0 and press Enter.

Setting the input frequencies to 0 disables the production of waveforms for the large-
signal analyses like tran, pss, and hb (harmonic balance). The updated Design
Variables form looks like the following:
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Figure 4-95 Design Variables Section of ADE Simulation Window with frf1 and frf2

set to zero

.L——_Iﬁ, Design Varables
[ r1

- prf

- vlo

- flo

- [@ rdgn

300
-30
200m
1.9G
50

Fril
fri2

4. In ADE Explorer, select Analyses - Choose.

The Choosing Analyses form is displayed. Select hb for the Analysis type. The form
expands, as shown in the following figure:
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Figure 4-96 Choosing Analyses Form for hb Analysis

=] Choosing Analyses -- ADE Explorer B8

« gpnoise _ gpxf _ qpsp & hb
o hbac . hbstb _ hbnoise . hbsp
' hbxf

Hammonic Balance Analysis
Transient-Aided Options

Run transient? [Decide automatically n

Detect Steady State W Stof neltstab B irto

Save Initial Transient Results (saveinit) — no ¥ yes

Dynamic Parameter _

Tones w Frequencies 2 Mames B
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# Name Expr Value Mxham Ovsap Tstab Srcld

2 Lo flo 1.96 aute 1 YES i

1 L0 fle 1.96 aute 1 YEs Ve

RF2 frfz 1.9856 3 1 no nrf

" Change | | Delete - Update From Hierarchy_’}

Freqdivide Ratio for tone with Tstab 1
Harmonics [Default ﬂ

Accuracy Defaults (errpreset)

— conservative ¥ moderate __ liberal
Oscilator |

Sweep |1 L

Frequency Variable? & no . yes
Variahle —
@D concel | Defauts | Apply | Help
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5. . Harmonic balance can set harmonics automatically for the signal that causes the most
distortion. This is recommended in the general case. To enable this, select Decide
automatically for the Run Transient selection in the Transient-Aided Options
section.

This single action will cause a transient analysis to be run until steady-state is detected,
and then from the transient analysis, the number of harmonics for Tone 1 (when
Frequencies is selected) or for the tone that has tstab enabled (when Names is
selected).

In the Transient-Aided Options section of the form, leave the settings at their default
values unless otherwise noted.

a. For Run transient? select Decide automatically. (this is the default)

Run transient? will run the LO signal using the transient (In SpectreRF, this is
called the tstab interval) for a short period of time. At the end of tstab, an FFT is
performed, and this is used as the starting point in the harmonic balance analysis.
Doing this improves the convergence of hb by giving it a better starting point at the
cost of a short transient analysis.

b. For Stop time (tstab), auto is automatically populated in the field.

When auto is selected for Stop time, a small number of periods of the LO is run
using the transient analysis. During this time, the signal is checked for steady-state
conditions. If steady-state is not reached in the initial number of periods, more
periods can be added automatically by the simulator. Using this feature allows an
accurate FFT for the starting point in the hb iterations.

When Run transient? is set to Decide automatically, the Detect Steady State
option is checked automatically. When this is set, when steady-state is detected in
the tstab interval, the simulator stops the transient analysis, runs the FFT, and starts
iterating in the frequency domain. Using Decide automatically simplifies the setup
for harmonic balance, and produces correct answers from hb without needing to
know how to set hb up manually.

c. For Save Initial Transient Results (saveinit), select yes.

During the transient-assisted HB simulation, a transient simulation runs before the
frequency domain iteration of harmonic balance. Only the LO signal in Tone1 is
enabled for this measurement. At the end of the tstab, an FFT is run and its result
is used as the starting point for the frequency domain iterations

All the signals are applied and the simulation is done in the frequency domain. Only
the harmonics of the LO are calculated by hb.
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Figure 4-97 Transient Assisted Harmonic Balance

Harmonic Balance Analysis

Transient-Aided Options

Rur trancient? (Decide automatically n

Detect Steady State v IStDp Tirmeltstabl auto

Save Initial Transient Results (saveinit) — ho

Set Tones to Frequencies.
The Number of Tones defaults to 1.
Enter 1. 9G for the Fundamental Frequency.

Note that Number of Harmonics is set to auto by default.

© © ® N o

Leave Oversample factor set to the default value of 1. With auto harmonics, you do not
need to set oversample. This circuit has sinusoidal-like waveforms (voltage and
current), and an oversample of 1 is appropriate.

11. Because the first and third order mixing terms are calculated by hbac, high accuracy is
not necessary in the hb analysis, so moderate is selected for errpreset and provides
reasonable accuracy. The Choosing Analyses form should look like the following:
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Figure 4-98 Choosing Analyses Form - hb Setup for Rapid IP3
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12. Click Apply.

Set-up HBAC Choosing Analyses Form

1. Inthe Choosing Analyses form, select hbac in the Analysis section. The Choosing
Analyses form changes, as shown below.

Figure 4-99 Choosing Analyses Form for hbac

Choosing Analyses - ADE Explorer

Analysis — tran — dc s 8C . Nhoise
— xf — SENs — dcmatch . acmatch
— sth - pz - If / Sp
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— hb — hbstb — hbnoise
— hbsp — hbxf

Harmonic Balance AC Analysis

Sweeptype (default n Sweep is currently absolute

Input Frequency Sweep Range (Hz)

Sweep Type

Automatic n

Add Specific Points

Add Points By File

Sidebands
Maximum sideband n

When using hb engine, default value is harms of 1st tone.

No specialized analyses support for multi-tone HBAC analysis

Lowmerm (12 n

Enabled __ . Options...

m _ Cancel | Defaults | Apply | Help
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2. Atthe bottom of the form, in the Specialized Analyses section, select RapidIP3. The
form expands. Just below the Rapid IP3 selection, for Source Type, leave it at the
default setting of port.

3. Type /£ for Input Sources 1 and 2. Alternately, you can click Select in the form and
choose the Input rf port in the schematic.

4. Type 1.904G in the Frequency Field to the right of Input Sources 1.
5. Type 1.905G in the Frequency Field to the right of Input Sources 2.
1.904G and 1.905G are the RF input frequencies.
6. Type -40 for Input Power (dBm).
7. Inthe Frequency of IM Output Signal field, type 3M.
8. Inthe Frequency of Linear Output Signal field, type 5M.
These are the linear and third-order output frequencies

9. Leave the Maximum Non-linear harmonics field blank. The default is fine for IP2 and
IP3 measurments.

10. Select Output Voltage and in the Out+ field, type /out1.

TheChoosing Analyses form should look like the following
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Figure 4-100 HBAC Rapid IP3 Choosing Analyses Form
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| |

Choosing Analyses — ADE Explorer

o YHrIuass o ypran LT A ]|F]
#2 hbac + hbsth i hbnoise . hbsp
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The selection of input power is very important for Rapid IP3. It should be set so that the
system is in the small-signal range or linear region (more than 10dB below the 1dB
compression point). If it is set too large, the system is in the large-signal range.
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Three input power levels can be set in the Rapid IP3 Choosing Analyses form. To
confirm if the IP3 result is accurate or not, you can set two different power levels around
the chosen input power. If you get the same IP3 result, then the IP3 result is accurate,
and the chosen input power level is in the suitable region.

The frequencies to be calculated depend on the choice of frequencies at the input and
the LO frequency. Individual choices are provided for the frequencies which allows the
selection of the smallest first order and largest second/third order product for your
application.

11. Click OK at the bottom of the Choosing Analyses form.
12. Start the simulation.

From ADE Explorer or the Schematic, click the green arrow icon( » )on the right side of
the window.

13. The Spectre output window will appear with the simulator status information. Details of
the IP3 measurement are also printed in the Spectre simulation log file. Note how much
quicker the simulation finishes, compared to the three-tone hb simulation used previously
to calculate IP3.

Figure 4-101 Rapid IP3 spectre.out logfile

/servers/scratch50g/jommy/adeTest/spectreRFtestcase/RF_Doc_Databasefsimulation/ExampleLibRF/db_mi
Eile Edit View Help cadence

¢ analysis “hbac': CPU = 381.942 mg, elapsed = 724.872 ms,
1784 s, elapsed = 3.54844 s,
44 .6 Mbytes.

el parameter values to rewfile.

modelParameter.info ...
larameter values to rawfile.

element.info ...
fiput parameter values to rawfile.

outputParameter.info ...
tlist parameters to rawfile,

.ipsfidesignParamVals.info ...
ves to rawfile.

psfiprimitives . info.primitives ...
5 to rawfile.

.ipefigubekts.info.subckts ...

I, Wed Mar 2, 2816):

apsed = 3.68 &, util. = 29.5%,
apsed = 108 ms.

tes,

V.44 AR Wed Mar 2, 2816, ended at: 18:52.43 AWM, Wed Mar 2, 2816,Iwith elapsed time (wall clock): 3.68 sl
rors, 3 warnings, and 3 notices.
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After the simulation finishes, plot the Rapid IP3.

14. Inthe Analog Design Environment window, select Results - Direct Plot - Main
Form. You may also invoke the Direct Plot Form by clicking the Direct Plot icon
( 2 -)in the schematic.

15. In the Direct Plot Form, select hbac. The form changes, as shown below.

Figure 4-102 Direct Plot Form after Rapid IP3 Simulation

Direct Plot Form

Plotting Mode ~ (Replace [~ ]
Analysis

« hb |'®& hbac | tstab

Function
® Voltage: _ Voltage Gain
-+ Current . Rapid IP3
—+ IPN Curves
Select (Net ﬂ
Sweep

& spectrum . sideband

Maodifier
2 Magnitude . Phase  dB20
— Real — Imaginary

Add To Qutputs —

> Select Met on schematic...

16. In the Function section, select Rapid IP3.

Leave the Resistance set to the default.
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The Direct Plot Form sh

ould look like the following:

Figure 4-103 hbac Direct Plot Form for Rapid IP3

Direct Plot Form

Plotting Mode Replace n
Analysis

— hb ® hbac _ tstab

Function

— Voltage Voltage Gain

— Current L
— |PN Curves

Resistance (Default is 50.)
Loadpull Contours  _
Add To Outputs | —

S -

> Press plot button on this form...

Plot

17. Click Plot. The Rapid IP3 response is plotted, as shown below.
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Figure 4-104 Rapid IP3 Plot for db_mixer circuit
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-100.0
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[dPBim)
Mirnouse L h: R:
B5(212) | plot new graph subwindow J

The input and output referred IP3 are shown in the waveform tool at the intercept point.
The X axis of the plot is input power and the Y axis of the plot is output power, thus, the
X-Y readout at the intercept point are the input-referred and output-referred IP3.

Note that the IP3 value from the 3 tone hb simulation (4.52) and rapid IP3 (4.54) are very
close.

In the Direct Plot Form, click Cancel. In the next step, you will simulate and plot rapid
IP2.

Simulate and Plot Rapid IP2
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Next, set up the HBAC Choosing Analyses form, as shown below.

1. Inthe Choosing Analyses form, in the Analysis section, select hbac. Alternatively, in
ADE Explorer, double click the hbac in the Analyses section of the Setup pane.

2. Atthe bottom of the form, in the Specialized Analyses section, select RapidIP2. The
form changes, as shown in the following figure.

Figure 4-105 Rapid IP2 Choosing Analyses Form

Harrnanic Balance AC Analysis
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Rapid IP2 ~ |

source Type @ port — isource o vsource

\_SelectJ " Clear -

Input Sources 1 irf Freq 1.984G

LSElEEtJ " Clear -

Input Sources 2 irf Freq 1.9@5G

Input Power (dBm) -4 Power 2 3
Frequency of M Cutput Sighal
Frequency of Linear Qutput Signal M

Maxirnum Man-linear Harrnonics

Output ® Voltage I 1
P g ote  fout Select
— Current -
it Select v

The form retains all the settings that were set for the rapid IP3. The only thing that needs
to be changed is the frequency of the intermodulation product. The main down
conversion frequencies are at 4MHz and 5MHz. The second order intermodulation
product is at 1MHz. The frequencies to be calculated depend on the choice of
frequencies at the input and the LO frequency. Individual choices are provided for the
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frequencies which allows the selection of the smallest first order and largest second/third
order product for your application.

In the Frequency of IM Output Signal field, type 1M.
In the Frequency of Linear Output signal field, leave it set to 5M.

Click OK at the bottom of the Choosing Analyses form.

o a o

Start the simulation. In ADE Explorer or the schematic, click the green arrow icon ( » )on
the right side of the window.

7. The Spectre output window isdisplayed with the simulator status information. Details of
the IP2 measurement are also printed in the Spectre simulation log file. Note how much
quicker the simulation finishes, compared to three-tone hb simulation used previously to
calculate IP2.

Figure 4-106 Rapid IP2 spectre.out Logdfile

fservers/scratch50g, fRF_Doc_Database/simulation/ExampleLibRF/db_mi
Eile Edit Wiew Help cadence

8.89 ms, elapsed = 1.16544 5,
= 44.5 Mbytes.

jdel parsmeter values to rawfile.

f/modelParsmeter.info ...
parameter values to rawfile.

fielement.info ...
litput parsmeter values to rewfile.

ffoutputParameter.info ...
etlist paremeters to rewfile.

. .tpsfidesignParaaVels.info ...
hves to rewfile.

oipsfiprimitives. info.primitives ...
ks to rawfile.

. Ipsfisubekts.info.subckts ...

N, Wed Mar 2, 2816):

lapsed = 1.27 §, util. = £8.5%.

lapsed = 95.9 ms, percentage of total = 7.53%.

ytes. |
1:14 AM, Wed Mar 2, 2816, ended at: 11:11:15 AM, Wed Mar 2, 28161 with elapsed time (wall clock): 1.27 s]
rrors, 3 warnings, and 3 notices.

-
’

217 1316 Cé0

8. After the simulation finishes, plot the output spectrum.

In ADE Explorer, choose Results - Direct Plot - Main Form.
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You may also invoke the Direct Plot Form by clicking the Direct Ploticon ( * -) in the
schematic.

9. Inthe Direct Plot Form, select hbac in the Analysis section and Rapid IP2 in the
Function section. Leave the Resistance set to the default value (50).

The Direct Plot Form is shown below.

Figure 4-107 Rapid IP2 Direct Plot Form

Direct Plot Form

Plotting Mode ~ ([Replace -]
Analysis

—r hb % hbac . tstab
Function

. Voltage Voltage Gain

_ Current  |® iRapid P2

— |IPN Curves

Resistance [Default is 50.)

Loadpull Contours | __
Add To Outputs  — Plot
s =

> Press plot button on this form...

[ Close JRNSCIE

10. Click Plot. The Rapid IP2 is plotted in the waveform window.
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Figure 4-108 Rapid IP2 Plot Results

Eile Edit Wiew Graph Axis Trace Marker Mgasurements Tools Window  EBrowser Help (édence
I -B-o dSmls ¢ ® 0K X| A Qo ey @)

15 5 B [0 swwnsonsi_1_BIm M & = o ol ) . Jlcessi: [

1] ExamplelibRF db_mixer schematic

Harmonic Balance AC Response

i E——

44 3 1dBrm:58.56dBm

40,0

-B0.0
S100.0

1200
[T T T T T T T T O T [T I T T T T [T r T T

40,0 . 0.0

(dBm)

lpmouse L. h: R:

BF218) | Trace: PAC Rapid IP2 Results (trace=1st Qrder); Cantext: fserversiscratchi3fkamalfspectrerftestcase151/RF_Dac_ J

The input and output referred IP2 are shown in the waveform tool at the intercept point.
The X axis of the plot is input power and the Y axis of the plot is output power, thus the
Xoutput-Y readout at the intercept point are the input referred 1P2.

Note that the IP2 value from the three-tone hb simulation and rapid IP2 are within 1dB.
11. Inthe Direct Plot Form, click Cancel.
12. Close all waveform windows by choosing File - Close all windows.
13. In ADE Explorer, choose Session - Quit.

14. In the Schematic Window, choose File - Close All.
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Summary

In this section, you have measured the third-order intercept (IP3) using three-tone hb analysis
and Rapid IP3 (hb and hbac specialized analysis). Rapid IP3 is a much faster way to measure
IP3 and is just as accurate. In addition, you measured IP2 using the Rapid IP2 methodology.

In the next section, you will make distortion measurements for the receive mixer.
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Mixer Distortion Measurement

In the previous section, you measured IP3 and IP2. If you need to improve IP3 or IP2, it is
helpful to know where the distortion is coming from, so you can fix the problem. Compression
and IP3 are numerically related, so identifying components that cause compression also
identify components that cause IP3 problems. In this next section, you will identify which
components are causing compression in the circuit. For circuits that convert frequencies, hb
and hbac compression distortion analyses are used. Similar capability for IP2 is provided in
the IP2 distortion summary.

1. . Inthe CIW, choose File - Open - CellView. The Open File form is displayed. Choose
the db_mixer schematic from ExampleLibRF.

Figure 4-109 Open File Form.

Open File
File
. Cells
Librar ExampleLibRF
o L 4_inv_tb1
Cell db_mixer DIFF_INV
INv
i i RC_Dscillator
View _schernatu: n VC_Ring_Osc_Diff
Type schematic cascode
Browse u.fll:u_mixer_xmit
- o invlx
Lna5imple
Application Dpamgl ) )
; oscillator_ckt
Open with SchematlcsL n h fet test
__ Always use this application for this type of file

Open for ® cdit

— read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds . lib

Openin ® newtab o currenttab o new window

m _ Cancel o\ Help .

2. Click OK. The db_mixer schematic is displayed, as shown below.
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Figure 4-110 db_mixer Schematic.

BE0

Navigator

< Instances
db_mixer

Q B-

Mame

-
db_mixer
q CO (cap)
- gl C1 (cap)
- gl C2 (cap)
- gl €3 (cap)
& 12 (balun)
" L0 {ind)
. Q1 (pnp)
- gl Q2 (npn)
- g Q3 (npn}
() Q4(npn)
(@) Q5(pnp)
- kgl Q6 (npn}
- g Q7 (npn}
Fr.n)

| Property Editor

Il
mouse L: schSingle SelectPt()
3(4)

M: de Open()

Virtuoso® Schemat E Exa bRF I
Launch Hle Edit View Create Check Options Window Help cadence
U @d|® 0mX0OT o ¢ ReT ~2-F-QAQQ QR LLE»E
- - S - | g T N T -

Dutput

R: schHiMousePopUp()
| Cmd: Sel:0 J|

3. Open the Analog Design Environment from the schematic by selecting Launch - ADE
Explorer. The simulation window is displayed, as shown below.
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Figure 4-111 Analog Design Environment Simulation Window

Launch Session Setup Analyses Mariables Outputs Simulation Results Tools Parasitics/LDE Help cadence
[T v [
== R =R = 2[R - 57
| Setup il X| & db_mixer |1 maestro % <l
Qe
-4} ExampleLibRF:db_mixer:1 Name. | Type | Detals | Value | P|ot| Save| Spec | Baas
%3 Simulator spectre g
[—_‘l%; Analyses (
e T
L‘—J& Design Variables x
“[E 300
=[] prf -30 >
= [E] vio 200m
- @ flo 1.96 | |
> rdgn 50 |i
frit 1904M
friz 1905M
[ v & Parameters
B v =) Corners
[+ _| @ Monte Carlo Sampling
[+ __ Checks/Asserts

L]

limouse L: M: R:

3(5]| = | ExampleLibRF db_mixer schematic | Simulator spectre  Interactive J|

4. In ADE Explorer, select Setup — Simulator.
The Choosing Simulator form is displayed.

5. Select spectre from the Simulator drop-down list.
Figure 4-112 Choosing Simulator/Director/Host Form

Choosing Simulator — ADE Explore

Simulatar spectre n

@D et sppy  Hep
6. Click OKto close the Choosing Simulator form.
7. Set up the High Performance Simulation Options, as follows:

a. In ADE Explorer, choose Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed, as shown below.
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Figure 4-113 High Performance Simulation Options Form

High-Performance Simulation Options

Simulation Performance Mode _ Spectre &

S _ Spectre X XPSMS

General

Accuracy + Speed
Error Preset: ® Do notoverride . Liberal . Moderate . Conservative

APS Options

Use ++aps:

Multi-Threading

% Auto o Disable o Manual

Post-Layout Settings

Enable Post-Layout Optimization:

Instance Preservation: 2 Mone . Selected

m _ Cancel | Defaults | Apply | Help

b. Inthe High Performance Simulation window, select APS. Note that auto is selected
for Multithreading options. The effect of this is to detect the number of cores on
the system (up to 16) and then multi-thread on all the available cores. The bigger the
circuit, the more threads you should use. For a small circuit such as this, you may
want to set the number of threads to 2. Using 16 threads on a small circuit might
actually slow things down because of the overhead associated with multithreading.
For more information, refer to the Spectre Circuit Simulator and Accelerated
Parallel Simulator User Guide.

c. Click OK.
8. Select Outputs — Save All.
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The Save Options form is displayed, as shown below.

Figure 4-114 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —
Select signals to output (save) _ none __ selected _ Wipub __ Ivl_ all
Select power signals to output (pwr) _ none _ total _ devices _ subckts _ all
Select device currents (currents) __ selected __ nonlinear _ all _ none
Select AC terminal currents (useprobes) — yes _ no
Set probe terminal level (probelvl) |
Select AHDL variables (saveahdlvars) _ selected __ all
Transient Time Window Options
__ Transient time window save options [imeset
TR A
Save circuit information analysis
Name | What | Where | File | Extremes| Others |Enabled|
modelParameter models rawfile ¥
element inst rawfile w
outputParameter output rawfile »
designParamVals parameters rawfile w
primitives primitives rawfile »
subckts subckts rawfile ¥
asserts assert rawfile =
extremeinfo all loghile yes e
<Click_To_Add> none rawfile
node
Output Options
Output Format _ sst2 _ psf _ psfwithfloats o psfxl _ fsdb
Use Fast Viewing Extensions LJ
E b |

9. Inthe Select signals to output section, make sure that allpub is selected. This is the
default which saves all node voltages at all levels of hierarchy, but it does not include the
node voltages inside the device models.

10. Click OK to close the Save Options form.
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Setting Up Model Libraries

1. In ADE Explorer, select Setup - Simulation Files. The Simulation Files Setup form
is displayed, as shown below.

Figure 4-115 Simulation Files Setup Form

spectrel: Simulation Files Setup

|Files/Paths Options

E} Include Paths
¢ ' _|<Click here to add a path>
C}- Definition Files
. b _|<Click here to add a file>
C}- Stimulus Files
. b _|<Click here to add a file>
C}- Parasitic Files (DSPF)
. b _|<Click here to add a file>
L} Parasitic Files (SPEF)
. b _|<Click here to add a file>
[}~ PSpice Files

o __|<Click here to add a path>

@ e appy  Help
2. Ensure that the Include Path is set as shown above and click OK to close the form.
3. Select Setup — Model Libraries.
The Model Library Setup form is displayed.

In the Model Library File field, type the following path to the model file including the file
name:

models/modelsRF.scs

Alternately, you can click Browse button and browse to the modelsRF.scs model file.
4. Ensure that the Model File name is selected.
5. Click Apply.

The Model Library Setup form looks like the following:
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Figure 4-116 Model Library Setup Form

spectrel: Model Library Setup

|Model File Section
£} Glabal Model Files
= & models‘fmodelsRF.scs
i __|share/gpdk180_v3.3/models/spectre/gpdk.scs
<CI|ck here to add model file> _
—_
.
4
—_
Cancel Apply Help

6. Click OK to close the Model Library Setup form.

Setting the Design Variables

Figure 4-117 Design Variables Section

El gk DesignVarables
[ 300
[ prf -30
[ vieo 200m
[ fio 1.9G
- rdgn 50

e it 1904 M
-[@ 2 1905 M

1. Inthe Design Variables section in ADE Explorer, click frf1.

2. Selectthe value in the box to the right of the variable frf1. Type 0 (zero) and press Enter.
Do the same for the variable frf2. Setting the input frequencies to 0 disables the
production of waveforms for the large-signal analyses like tran, pss, and hb (harmonic
balance).

The Design Variables section looks like the following:
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Figure 4-118 Design Variables Section of ADE

£ @& DesignVariables

[ 300
- [ prf -30
[ vio 200m
-[@ fio 1.9G

_ rdgn 50
- [ fri 0
-[E friz

Setting up the HB analysis
1. Click the Choosing Analyses icon ( £ )on the right side of ADE Explorer.
The Choosing Analyses form is displayed.

2. Select hb in the Analysis section. The form expands, as shown in the following figure:
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Figure 4-119 hb Choosing Analyses Form

Choosing Analyses - ADE Explorer

J— . - -

Dynamic Parameter _

— gpnoise . qpxf _ gpsp & hb

 hbac « hbstb . hbnoise ., hbsp

' hbxf

Hammonic Balance Analysis
Transient-Aided Options
Run transient? |[Decide automatically n
v top Tmelt auto

Save Initial Transient Results (saveinit) — No M yes

Hammonics  ([Default n

Accuracy Defaults (errpreset)

Tones « Frequencies &2 Names =
Tones
I# Name Expr Value Mxham Qvsap Tstab Srcld
2 Lo flo 1.9G aute 1 yes V1
1 L0 flo 1.9G aute 1 yes va
RF2 frfz 1.9856 3 1 no n rf
Change Delete Update From Hierarchy
Freqdivide Ratio for tone with Tstab 1

— consenative ¥ moderate _ liberal
Oscilator _
Swee| 1 »
2 ‘—n Frequency Variable? & no o yes
VariaHe [ | - i
m Cancel Defaults Apply Help

3. Fill in the form as follows:

Harmonic balance can set harmonics automatically for the signal that causes the most
distortion. This is recommended in the general case. To enable this, select Decide
automatically for the Run Transient selection in the Transient-Aided Options
section. This single action will cause a transient analysis to be run until steady-state is
detected, and then from the transient analysis, the number of harmonics for Tone1

September 2023
© 1990-2023

Product Version 23.1
All Rights Reserved.

461



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

(when Frequencies is selected) or for the tone that has tstab enabled (when Names is
selected).

In the Transient-Aided Options section of the form, select the following:
a. For Run transient? select Decide automatically. (this is the default)

Run transient? will run the LO signal using the transient (In SpectreRF, this is
called the tstab interval) for a short period of time. At the end of tstab, an FFT is
performed, and this is used as the starting point in the harmonic balance analysis.
Doing this improves the convergence of hb by giving it a better starting point at the
cost of a short transient analysis.

b. For Stop time (tstab), auto is automatically populated in the field.

When auto is selected for Stop time, a small number of periods of the LO is run
using the transient analysis. During this time, the signal is checked for steady-state
conditions. If steady-state is not reached in the initial number of periods, more
periods can be added automatically by the simulator. Using this feature allows an
accurate FFT for the starting point in the hb iterations.

When Run transient? is set to Decide automatically, the Detect Steady State
option is checked automatically. When this is set, when steady-state is detected in
the tstab interval, the simulator stops the transient analysis, runs the FFT, and starts
iterating in the frequency domain. Using Decide automatically simplifies the setup
for harmonic balance, and produces correct answers from hb without needing to
know how to set hb up manually.

c. For Save Initial Transient Results (saveinit), select yes.

During the transient-assisted HB simulation, a transient simulation runs before the
frequency domain iteration of harmonic balance. The LO signal in Tone1 is enabled
for this measurement. At the end of the tstab, an FFT is run and its result is used as
the starting point for the frequency domain iterations

All the signals are applied and the simulation is done in the frequency domain.Only
the signal and its harmonics are calculated.
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Figure 4-120 Transient Assisted Harmonic Balance

Harrmaonic Balance Analysis

Transient-Aided Options

Run transients (Decide autormatically n

Cetect Steady State v IStl:lp Timeltstabl  auto |

Save |nitial Transient Results (saveinit) — ho 15}'&55

4. In the Tones section, choose Frequencies (this is the default).

5. Number of Tones is set to 1 by default. The only large signal tone in this simulation is
the LO tone at 1.9GHz.

6. Setthe Fundamental Frequency to 1. 9G.
7. Leave the Number of Harmonics set to the default value of auto.

8. Leave Oversample Factor set to the default value of 1. When using the autoharmonics
feature, you do not have to set Oversample Factor.

9. Inthe Accuracy Defaults (errpreset) section, select moderate. For most typical
measurements errpreset should be set to moderate. When you need to measure really
small distortions, then conservative would be used.

The Choosing Analyses form should look like the following:
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Figure 4-121 hb Choosing Analyses Form Set-up for Distortion Measurement

— puf — psp — Opss — gpac
— gpnoise . gpuxf — Jpsp j
— hbac — hbnoise . hbsp

Harrnonic Balance Analysis

Transient-Aided Options

Run trancienty |[fecide automatically n

Detect Steady State v stop Timeltstab)  auto

Zave Initial Transient Results (zaveinit) 58] nn:n

Dynarmic Parameter

Tones ® Frequencies — Marmnes
Mumber of Tones &1 L2 L3 W4
_Tone 1

Fundamental Frequencyf 1,96

Murmber of Harrmonics auto

Cwersample Factar 1

Freqgdivide Ratio for Tane 1 1

Harrnonics  ([Default n

Accuracy Defaults (errpreset)
— caonservative _ liberal

Qecillator

Sweep i
Loadpull bl
LSSP (55|

Cormpression bl

L

m . Cancel J| Defaults J| Apply JI  Help |

Enabled » Cptions...

10. Click Apply.
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11. In the Schematic window, set up the input port to perform a compression measurement.

In the schematic, select the Input port. Once the input port is selected, the Property

Editor on the left side of the schematic is populated with the properties of the selected
instance, as shown below.

Figure 4-122 Setting Up Input Port for Compression Distortion Measurement
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12. Search the Property Editor (scroll down) for the PAC Magnitude entry.

Figure 4-123 Editing Properties on Input Port for Compression Distortion
Measurement
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13. View the entry for PAC Magnitude. If set to prf, do not change anything. If setto 7 volt,
select the entry, press the Tab key, and then set PAC Magnitude (dBm) to prf. The port
needs to be set up to supply a signal in the small-signal region because the HBAC
analysis which is a small-signal analysis will be used to calculate the distortion.

The amplitude of the input signal is specified on the input port. For the distortion
summary, the PAC Magnitude (dBm) property is typically used on the input port. This
is the amplitude that is used as the input for the distortion measurement. The prf value
is set in the variables section of the Analog Design Environment and is -30 in this
example.

14. Check the schematic without saving it. In the schematic window, choose Check -
Current Cellview.

Figure 4-124 Check Current Cellview Menu

Virtuoso® ADE Explorer Editing: ExampleLibRF db

Launch File Edit View Create : Options  Window  Para:
l L] = @ md%b L Current Cellview X
) - ) Hierarchy... -
= = Basic - 4
1 S Cross-View...
(I g {—E ...l_;_-i. - @ T #  Label Attachment...
& db_mixer -
= |— ma estre Rules Setup...

Find Marker... G

Delete Marker Ctri+is

Delete All Markers...

This allows ADE Explorer to netlist from the schematic without saving a copy of the newly
modified circuit to the disk. This allows “what-if analysis” without changing the original
schematic. When the design gets to the desired performance, then a Check and Save
can be done. If you want to revert back to the original schematic, quit the schematic
without saving it, and then recall it.

Setting up the HBAC form

1. Inthe Choosing Analyses form, select hbac. The form expands, as shown below.

September 2023 466 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Figure 4-125 hbac Choosing Analyses Form
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2. At the bottom of the form in the Specialized Analysis section, select Compression
Distortion Summary.

A dialog box is displayed that reminds you to set the pacmag parameter on the RF
source.
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Figure 4-126 Compression Distortion Summary Dialog Box

("1 Reminder: For Compression Distortion Summary, the pacmag parameter

Analog Design Environment

miust be set for the RF source

Since you have already set this parameter in the preceding step, click Close to close the

dialog box.

3. Set up the hbac Choosing Analyses form.

Figure 4-127 Compression Distortion Summary Choosing Analyses Form
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4. You provide a list of the devices you want the distortion calculation for. If you leave this
field blank, all of the nonlinear elements will be run. Since hbac will be run for each device
specified, the computation can be time-consuming if the device list is large. You should
select only those devices that are important to output. It is not recommended to run
distortion summary for all nonlinear devices in the circuit if your circuit is large.

In the Contributor Instances field, type /Q1 /Q2 /Q3 /Q4 /Q5 /Q6 /Q7 /Q8.
Note the spaces between the entries. Alternately, you may click Select inthe and select
the components in the schematic.

5. Type 1.905G inthe Frequency of Input Source field. This is the RF input frequency.

6. Type 5M in the Frequency of Linear Output Signal field. This is the mixer IF output
frequency.

Input and output frequencies are specified as usual. Only a single input frequency is
allowed at a time.

7. Leave the Maximum Non-linear harmonics field blank. The default value is optimum
for the compression distortion measurement.

8. Inthe Out+ field, type /out1. You can also click Select to the right of the Out+ field
and choose a net in the schematic. When the Out- field is left blank, ADE Explorer
automatically assigns this to the global ground node.

The Choosing Analyses form should look like the following:
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Figure 4-128 Choosing Analyses Compression Distortion Summary
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' Current
Out- Select
Enabled |w Options...
e

Help

9. Click OK at the bottom of the Choosing Analyses form.

The distortion measurement is performed along the entire signal path, which includes
frequency translation and requires a declaration of the output node in the Choosing

Analyses form.

The compression distortion summary provides a relative measure of which components
in a gain path contribute more or less compression. Because compression and IP3 are
related mathematically, the compression distortion provides information about which
components contribute to IP3.Start the simulation. In the ADE Explorer main window or
the Schematic, click the green arrow icon ( ») on the right side of the window.
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10. The Spectre output window will appear with the simulator status information.

11. After the simulation finishes, choose Results - Print-HBAC Distortion Summary.

The Results Display Window appears with the distortion contributions from the
selected devices in the circuit. This summary gives the list of the various distortion
contributors and how much distortion they contribute to the output. (If no devices are
selected, all the nonlinear devices will be calculated). It helps identify the distortion
sources. You can quickly see what your top distortion contributors are, and you can look
up the distortion contribution for a particular device. The measurement in the output is
the output level with the distortion included divided by the output level of the ideal system.

Figure 4-129 Compression Distortion Summary Results Display Window

Window Expressions Info  Help

Results Display Window

cadence

HEBAC Compression. Distortion Summary

Total
as

a1

as
04
as

oz

az

Qa3

Results in

Instance

hbac_distortion

Distortion(dB)
-6.517m
2.537%u
148, 3
-171.2u
-128 . 1u
=743 .30
-76H, du
-1.386m
-1.834m

Monlinear Mag{FPhase)[¥({Deq)] at 1st 2nd & 3rd harm of linear freq

freg=5e+a5

38, 72u(78,36)
98, 44n{172)
1.515F(-51,82)
1.215u(39.22)
1,2530( 48,64
4, 435u(67.1)
4, 534u(67.82)
18, 73u(78.3)
18, 9ui 78, 53)

freq=1e+a7
736, 80(-63 . 88)
479, 4n( 4. 414)
&78 . 6T(-165.2)
1, 23200 -146)
1,254u(32,88)
&.1330(123.5)
&.154u(-57.23)
37.35u(161.1)
37.43u(-19.9)

freq=1.5e+87
781.3n(146. 4)
26.62n(98,3%9)
&2.63a(151.8)
2.356n(172.1)
2.391n(173.6)
26.97n(94.12)
Z4,85n(97.74)
246n(137.5)
249,9n(134.9)

204]

12. Note that Q3, Q7, Q2, and Q6 have the largest distortion contributors.

13. Find Q3 in the schematic.

In the schematic window, choose Edit - Find.
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Figure 4-130 Edit-Find to bring up Schematic Find Form
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The Schematic Find form is displayed, as shown below.
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Figure 4-131 Schematic Find Form

Schematic Find

Search For instiame : — B |

Search Scope cellview n

Zoom To Object

Select List All Show Qbject Filter ==
LY Cancel | Defaults | Previous || Mext | Help

14. Delete the asterisk, type @3, and click Apply.

Q3 is highlighted in the Schematic window, as shown below.

Figure 4-132 Finding Sources of Distortion, in the Schematic Design.

=
L,
=

Schematic Find
Search For instMame B = B RE

Search Scope cellview n

Zoom To Object

Select List All Show Object Filter ==

LU Cancel | Defaults | Previous || Next |

15. In a similar manner, find Q2, Q6, and Q7.

In the Schematic Find window, click Cancel.
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16. Click in the graphics area away from any component so the input port is deselected.

17. If you deleted the Navigator in an earlier step, recall the Window Navigator by choosing
Window - Assistants - Navigator.

g: ExampleLibRF db_mixer schematic - ADE Explorer

WPa@siticsﬁLDE ADE Explorer Help (

L:;l Annotation Browser
Toolbars r Checks/hsserts
_ﬂ Workspaces b Circuit Prospector -
Rej Tabs » Constraint Manager -
— Copy Window Explorer Run summary

v Mlavigator

Cperating Region

Cutputs

Parasitic Filters

Farasitic Report

Farasitics & Electrical Setup
Probes

Property Editar

search

Setup

Wariables and Parameters

Warld View

[EL Toggle visibility

18. While holding the Shiftkey, select the four instances you found in the search. You should
see Q3, Q2, Q6, and Q7 highlighted in the Navigator Assistant and in the schematic.

19. In the Property Editor assistant, type 2 in the Device area field.
20. Press Enter.

The Navigator Assistant and the Property Editor on the right side of the schematic
should look like the following:
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Figure 4-133 Navigator Assistant Showing Four Selected Transistors

Cutput
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N
g

. In the schematic window, choose Check - Current Cellview. (This is to do a “what-if
analysis” and not overwrite the Schematic)

22. Start the simulation. From the ADE Explorer main window or the Schematic, click the
green arrow icon ( p) on the right side of the window.

23
24
25

. The Spectre output window will appear with the simulator status information.
. After the simulation finishes, choose Results- Print- HBAC Distortion Summary.

. The Results are appended in the Results Display Window at the bottom of the list.
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Figure 4-134 Results Display Window -Two HBAC Compression Distortion
Summary Simulations

Results Display Window
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Instance Distortion(dB) freq=5e+aa freg=1e+87 freq=1.5e+a7
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b

Note that Q3, Q7, Q6, and Q2 are still the largest distortion contributors. The distortion
is lower with the Device area = 2, asis the Total Distortion. This demonstrates the ability
to do a “what-if” analysis changing the size of the NPN differential pairs.

Close the Analog Designh Environment and the Schematic Window
1. In ADE Explorer, choose Session - Quit.

2. In the schematic window, choose File - Close All.

Summary

You have used hb and hbac analyses to perform Mixer Distortion Measurements. You used
Compression Distortion Summary to locate the distortion contributions from various devices
in the design.

This concludes the section on Receive Mixers. For more information on simulating receive

mixers, please refer to the chapters in this user guide. In addition, see Spectre Circuit
Simulator RF Analysis Theory Guide.
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The remaining sections focus on simulating Transmit Mixers.
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Setting Up to Simulate the db_mixer_xmit Mixer

In this workshop, you will make common measurements for an up-converting mixer.

The db_mixer_xmit circuitis foundin the ExampleLibRF library. The db_mixer_xmit
integrated circuit consists of two Gilbert cell (up-converting double-balanced) mixers. Looking
at the very left side of the schematic are two ports labeled Input_top and Input_bottom
which generate the input signals. Both inputs feed the input to two double-balanced mixers
through two voltage controlled voltage sources. There are four LO sources in the circuit
between the bottom devices of the respective mixers. The LO operates at 1.9GHz. Next to
the label Output, is the output port of the mixer.

Image reject mixers use phase canceling techniques and remove one of the two major mixer
products from the output of the mixing or multiplication process.

When two RF signals are mixed (f71 and f2), the sum and difference signals are produced, as
shown below.

f1 2 + 1

f2

Frequency
>

A e R i

12-11 12 241

The output signals are (f1 + £2) and (£1-£2).

Of the two products from a mixer, normally only one is required. Often, the unwanted one will
fall outside the required bandwidths and can be removed very easily. If the unwanted orimage
product is close to the desired signal, it can require complicated filtering to remove it
sufficiently.

Image rejection mixers utilize phasing techniques to cancel out the unwanted mix products.

In the figure below, is the schematic of the upconverting mixer db_mixer_xmit. Following
that is the list of measurements you will make in this module.
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Figure 4-135 db_mixer_xmit Schematic

Virtuoso® Schematic Editor L Editing: ExampleLibRF db_mixer xmit schematic
Launch Hle Edit View Create Check Options Window Help C é dence
L ) — = . A = '3 - S | "
B ™ F 0 M X O Ty ¢ BT -2-F-Q Q& &% 1L 12
¥ = Basic n E‘ [r=£|0 '% :Iﬁ -L[% -‘ﬁ ']h Iaé Q- n -
| Navigator 7.8 x| . . . . . . . . .

P Instances
db_mixer_xmit

Q B-

Mame

By
= db_mixer_xmit

CO (cap)
€1 (cap) et
C2 (cap)
C3 (cap)
C6 (cap)
C7 (cap)

sl

E1 (vcws)h
E2 (vcvs)
E3 (vcws)
E4 (vcvs)
ES (vcws)
EG (vovs)
126 (shifter_combiner)

h

F3
3
i

i
4

Property Editor 78X

S S

mouse L: schSingle SelectPt()

2@ =

M: deOpeni() R: schHiMouse PopUp()

Cmd: Sel: 0 J|

September 2023 479

Product Version 23.1
© 1990-2023

All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Transmit Mixer Measurements (db_mixer_xmit) |Analyses

Three Tone Spectral Content and Image Rejection HB

Three tone Swept IP3 (large signal) HB

Noise Figure/Signal to Noise Ratio HB and HBnoise
Measurement Measured

LO frequency (Hz) 1.9 GHz

Desired RF frequencies(Hz) 1.904 GHz, 1.905 GHz
Image frequencies 1.895 GHz, 1.896 GHz
IF frequencies (Hz) 4 MHz, 5 MHz

LO voltage 200mV peak

IF power -9 dBm

Image rejection measurement needed
Input IP3 (from swept power) measurement needed
Noise figure/SNR measurement needed
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Three Tone Spectral Content and Image Rejection

Transmit mixers usually operate at power levels high enough that small-signal analyses
should not be used. Therefore, HB is used to capture the actual, large-signal behavior. When
measuring three-tone spectral content, all signals (LO, IF1, and IF2) are applied to the circuit.
Harmonic balance is used, rather than transient analysis, because it is quicker.

A conventional transmit mixer has two output responses at points above and below the LO
frequency at £1+£2 and | £1-£2|. The unused response, known as the image frequency,

can be suppressed by an image-reject mixer. For the first measurement, you will check the
output spectrum and view the frequency response to determine the image rejection. You will
also look at IP3 measurements, which is a common figure of merit for mixers. For this circuit,
the desired response is at 1.904G and 1.905G.

Setting Up the Simulation

Open the db_mixer_xmit Mixer Circuit in the Schematic Window, as follows:
1. In the CIW, choose File — Open.
The Open File form is displayed.
2. In the Open File form, select ExampleLibRF from the Library drop-down list.
3. Select db_mixer_xmit from the Cells list box.

The completed Open File form looks like the following:

September 2023 481 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Figure 4-136 Open File Form

= Open File 5]
File
. Cells
Librar ExamplelibRF
s = DIFF_INV
Cell db_mixer_xmit l INV H
RC_Oscillator
i WC_Ring_Osc_Diff
View schematic n ca;cndg_ —
Type schematic db_mixer
Browse invlx =
Inasimple
cpamp
Application oscillator_ckt
Schematics L n sh_fet_test
Open with
b
__ Always use this application for this type of file s

Open for 2 edit _ read

Library path file ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds . lib

4. Click OK.

The Schematic window for the db_mixer_xmit mixer is displayed, as shown below.
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Figure 4-137 db_mixer_xmit Schematic
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5. In the Schematic window, choose Launch — ADE Explorer.

The Virtuoso Analog Design Environment Explorer window is displayed, as shown
below.
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Figure 4-138 ADE Explorer
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Choose the simulator options, as follows:
6. In ADE Explorer, select Setup — Simulator.
The Choosing Simulator/Directory/Host form is displayed.

7. Select spectre from the Simulator drop-down list.

Figure 4-139 Choosing Simulator/Directory/Host Form

Choosing Simulator — ADE Explore

Simulator

@D el appy  Help

8. Click OK to close the Choosing Simulator.

9. Set up the High Performance Simulation Options, as follows:

a. In the ADE window, select Setup — High Performance Simulation. The High
Performance Simulation Options window is displayed, as shown below.
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Figure 4-140 High Performance Simulation Options

High-Performance Simulation Options

S _ Spectre X XPSMS

Simulation Performance Mode _ Spectre &

General

Accuracy + Speed
Error Preset: ® Donotoverride o Liberal . Moderate _ Conservative
APS Options

Use ++aps: e

Multi-Threading

® Auto o Disable o Manual t Thread

Post-Layout Settings

Enable Post-Layout Optimization: -

Instance Preservation: 2 Mone . Selected

m _ Cancel | Defaults | Apply | Help

b. Inthe High Performance Simulation window, select APS as the Simulation
Performance Mode. Note that Auto is selected for Multithreading options. The
effect of this is to detect the number of cores on the system (up to 16) and then multi-
thread on all the available cores.

c. Click OK.
10. Select Outputs — Save All.

The Save Options form is displayed, as shown below.
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Figure 4-141 Save Options Form

Save Options

Basic | Save By Subckt

Save Options —
Select signals to output (save) __ none __ selected __ Wlpub __ Wl ¥ allpub _ all

Select power signals to output (pwr) _ none __ total __ devices _ subckts __ all

Set level of subcircuit to output (nestiv)

Select dewice currents (currents) __ selected __ nonlinear __ all __ none

Select AC terminal currents (useprobes) __yes _ no

Set probe terminal level (probelvl)

Select AHDL variables (saveahdlvars) _ selected _ all
Transient Time Window Options
_ Transient time window save options | Lime setup

e ———

Sawve circuit information analysis

Name What Where File Extremes Others |Enabled|
modelParameter models rawfile 4
element inst rawfile 4
outputParameter autput rawfile 4
designParamVals parameters rawfile "
primitives primitives rawfile v
subckts subckts rawfile 4
asserts assert rawfile kel
extremeinfo all logfile yes el
<Click_To_Add> none rawfile e
Detail _n-:-cle Sort; (0AME Threshold

Output Options

Output Format __ sst2 __ psf __ psfwith floats # psfxl _ fsdb I

Use Fast Viewing Extensions e

.
r i ) |

m Cancel Defaults Apply Help

a. Inthe Select signals to output(save) section, make sure that allpub is selected.
This is the default which saves all node voltages at all levels of hierarchy, but it does
not include the node voltages inside the device models.
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b. Click OK to close the Save Options form.
Setup the model libraries, as follows:

11. In the Virtuoso Analog Design Environment window, choose Setup - Simulation Files.
The Simulation Files Setup form is displayed, as shown below.

Figure 4-142 Simulation Files Setup Form

spectrel: Simulation Files Setup

|Files/Paths Options

El- Include Paths
{ w _ <Click here to add a path>
L1- Definition Files
i % _<Click here to add a file>
L1 Stimulus Files
i % _<Click here to add a file>
L1- Parasitic Files (DSPF)
i % _<Click here to add a file>
L1- Parasitic Files (SPEF)
i % _<Click here to add a file>
[} PSpice Files

L _|«Click here to add a path>

12. Ensure that the Include Path is set, as shown above.
13. Select Setup — Model Libraries.
The Model Library Setup form is displayed.
14. Inthe Model Library File field, type the following as the name of the model file:

models/modelsRF.scs

Alternately, you can click Browse and browse to the modelsRF . scs model file.
15. Make sure that the Model File name is selected.

16. Click Apply.
The Model Library Setup form looks like the following.
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Figure 4-143 Model Library Setup

spectrel: Model Library Setup

|Model File Section
[} Global Model Files
> # models/modelsRF.scs
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-D =Click here to add model file> _
-
Z
*
-—
Cancel Apply Help

17. Click OK to close the Model Library Setup form.

Set the design variables, as follows:

Figure 4-144 Design Variables Section of ADE Explorer

1 & Design Variables
- (B8 fift AM
- [ fif2 5M
& pif -9
[ r1 300
: vlo 200m
flo 196 |
- [BE] rdgn 50

1. Inthe Design Variables section in the ADE Explorer, verify that the design variables fif1
and fif2 are 4M and 5M, and flo is 1.9G. If you view the Edit Object Properties form
for the Input ports (select either the Input_Top or Input_Bottom port on the left side of
the schematic and select the bindkey q), you will see how the rif tones are specified on
the two rif ports, as shown below.
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Figure 4-145 Edit Properties Forms for IF ports

= Edit Object Properties 5]
Cell Mame port n -_M
View Mame symbol n -_M
Instance Mame rifl i n
Add Delete Modify
User Property Master Value Local Value Display
lvsignore TRUE off n
CDF Parameter Value Display
[Pt sz )2 ® normal . HarmonicPort off n
Resistance 50 Ohms off n
Reactance off n
Port number 1 off n
DCvoltage off n
Source type sine n off n _
Frequency name 1 IF .,Dﬁ n :
Frequency 1 fifl Hz i n
Amplitude 1(Vpk) Pﬁ—n
Amplitude 1(dBm) pif ot 3
Phase for Sinusoid 1 -45 off n
Sine DC level off n
Delay time off n
Display second sinusoid L off n
Frequency name 2 IF2 off n
Frequency 2 fif2 Hz off n
Amplitude 2 (Vpk) off n
Amplitude 2 (dBm) pif off n
Phase for Sinusoid 2 -45 off n
Display multi sinusoid LJ off n
Display modulation params L off n
Display small signal params L (off n aal
m Cancel Apply Defaults Previous Next Help

Set up the HB analysis, as follows:

= Edit Object Properties |
Cell Mame port n pff_ﬂ
View Name symbol n ot 3
Instance Mame rif2 off n
Add Delete Modify
User Property Master Value Local Value Display
lvsignore TRUE off n
COF Parameter Value Display
Port mode & MNormal . HarmonicPort off n
Resistance 50 Ohms \eff B
Reactance off n
Port number 2 off n
DC voltage off B
Source type GinE _n JDH: =
Frequency name 1 IF off n
Frequency 1 fifl Hz off n
Amplitude 1 (Vpk) off n
Amplitude 1 (dBm) pif off B
Phase for Sinusoid 1 a5 off n
Sine DC level off n
Delay time ot @
Display second sinusoid ~ off n
Frequency name 2 IF2 PH: n
Frequency 2 fif2 Hz off n
Amplitude 2 (Vpk]) Pff_n
Amplitude 2 (dBm) pif off B
Phase for Sinusaid 2 45 off n
Display multi sinusoid L off n
Display modulation params LJ off B
Display small signal params ~ off n Il
@® cncel  fpply  Defaults | Previous | Next || Help

1. In ADE Explorer, select Analyses — Choose.

The Choosing Analyses form is displayed.

2. Inthe Choosing Analyses form, select hb. The form expands. Since the circuit is mostly
sinusoidal (not strongly nonlinear) Harmonic Balance is the appropriate analysis to

choose.
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Figure 4-146 The HB Choosing Analyses Form
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Harmonic balance can set harmonics automatically for the signal that causes the most
distortion. This is recommended in the general case. To enable this, select Decide
automatically in the Transient-Aided Options section. This single action will cause a
transient analysis to be run until steady-state is detected, and then from the transient
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analysis, the number of harmonics for Tone 1 (when Frequencies is selected) or for the
tone that has tstab enabled (when Names is selected).

3. In the Transient-Aided Options section of the form, select the following
a. For Run transient? select Decide automatically (this is the default).

Run transient? will run the LO signal using the transient (In SpectreRF, this is
called the tstab interval) for a short period of time. At the end of tstab, an FFT is
performed, and this is used as the starting point in the harmonic balance analysis.
Doing this improves the convergence of hb by giving it a better starting point at the
cost of a short transient analysis.

b. For Stop time (tstab), auto is automatically populated in the field.

When auto is selected for Stop time, a small number of periods of the LO is run
using the transient analysis. During this time, the signal is checked for steady-state
conditions. If steady-state is not reached in the initial number of periods, more
periods can be added automatically by the simulator. Using this feature allows an
accurate FFT for the starting point in the hb iterations.

When Run transient? is set to Decide automatically, the Detect Steady State
option is checked automatically. When this is set, when steady-state is detected in
the tstab interval, the simulator stops the transient analysis, runs the FFT, and starts
iterating in the frequency domain. Using Decide automatically simplifies the setup
for harmonic balance, and produces correct answers from hb without needing to
know how to set hb up manually.

c. For Save Initial Transient Results (saveinit), select yes.

During the transient-assisted HB simulation, a transient simulation runs before the
frequency domain iteration of harmonic balance. The LO signal in Tone1 is enabled
for this measurement. At the end of the tstab, an FFT is run and its result is used as
the starting point for the frequency domain iterations

All the signals are applied and the simulation is done in the frequency domain. Only
the signal and its harmonics are calculated.Transient Assisted Harmonic Balance.
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Figure 4-147 Transient-Assisted Harmonic Balance

Harmonic Balance Analysis

Transient-Aided Options

Run transienty \Decide autornatically n

Detect Steady State v IStl:lp Timeltstab) auto

Save |nitial Transient Results (saveinit)

4. Inthe Tones section, select Names. When Names is selected, the Tones portion of the
form expands. All the sources in the top-level schematic are read into the form
automatically.

5. Select one of the LO sources in the Tones section. In the Mxham field, type auto.

Spectre will automatically detect the number of harmonics required. Note that all four LO
sources are now updated with a Mxham of auto.

You can use hb with up to four signals present in the circuit. In this circuit, there are three
tones, the LO and two RF tones. The LO signals have the same name, the same
frequency, and are considered a single tone. Whenever you have two signals at the
same frequency, make sure you set the Frequency Name 1 or Frequency Name 2
property on the source to the same name as it was done in this example. When Tones
is set to Names, the simulator considers both of the sources as a single frequency.

You viewed the names (frf1 and frf2) in the input port sources in an earlier step.

Figure 4-148 Tones Section of hb Choosing Analyses Form

# Wame  Expr ¥alue  Mxham Ovsap Tstab  SrcId

auto Yes
4 L0 flo 1.9G anto ves v
T L0 fln 1 A a1t TR Wh——

I ) B

L0 flo 1.9G yes Wi
I Change JI Delete | . Update From Hierarchy |

When you set the number of harmonics to auto, this identifies the signal on which to run
tstab. This tone should be the LO tone. Only one signal can have transient assist, that
being the signal with tstab set to yes; the signal with auto harmonics set.
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Note: If you set the harmonics manually for all of the tones, set tstab to yes for the LO
tone. Because you are using the auto-harmonics feature, you do not need to set the
number of harmonics on the LO tone, nor do you need to set Ovsap (oversample). By
default, Ovsap is set to 1.If for some reason, you are not using the auto-harmonics
feature, follow these guidelines:

If not using Mxham set to auto on the LO tone, change the Maximum harmonics
onthe LO tone from 3 to 710. Place the cursor in the field under Mxham and type 10.

Since the circuit is operating well above the compression point, a higher number of
harmonics is advised.

If the circuit is mostly sinusoidal (voltages and currents), leave oversample set to
1. For strongly nonlinear circuits, you may need to increase oversample.

In general, when you set harmonics manually, if a signal is below compression, start with
three harmonics. If a signal is at compression, start with five harmonics. If a signal is
above compression, start with seven harmonics. Run the simulation. Now increase the
number of harmonics on each tone separately by about a factor of 1.5, and run the
simulation again. If the result changes, increase harmonics again. If the result did not
change, the original number of harmonics was enough, and you might be able to
decrease the number of harmonics. For fastest runtime with full accuracy, use the
smallest number of harmonics for each tone that is applied to the circuit

6. Once finished, click Change. The form updates. Make sure that all of the LO tones have
Mxham=auto and Tstab=yes.

7. Select the IF tone in the Tones box. For this measurement, three harmonics on the IF
tones are not enough. You need to increase the number of IF tones for greater accuracy.
Set Mxhamto 5. Do the same for IF2. Five (5) was found to be the optimum number of
harmonics for the two RF tones, which are deliberately matched in amplitude.

8. Set Accuracy Defaults (errpreset) to conservative. conservative is used because
the third and fifth order intermodulation distortion will be calculated with this setup. Since
these amplitudes are small, high accuracy is needed.

9. Leave the rest of the form set to the default values.

The Choosing Analyses form should look like the following:
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Figure 4-149 HB Choosing Analyses Form
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10. Click OK at the bottom of the Choosing Analyses form

ADE Explorer will look like the following:
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Figure 4-150 ADE Simulation Window

Virtuoso® ADE Explorer Editing: ExampleLibRF db_mixer_xmit maestro

Launch Session  Setup Analyses Wariables Outputs Simulation Results Tools Parasitics/LDE  Help cadence

F==2= 1 UGS lfrerece BT
® b mixer it « | [# maestro

-4 ExampleLibRF:db mixer_xmit:1 Name | Type |  Detais | Plot| Save | Spec |
% Simulator spectre
EI% Analyses

“¥hb IOIFIF2555

orer Y
FRE

-1
)

=% Design Variables
- [ fift

- [ firz

- [ pif -9

- [ 300

- [ vio 200m
- [ fio 1.9G
- [ rdgn 50

F v X

& Parameters

=l corners

_'l® Monte Carlo Sampling
__| Checks/Asserts

L
L

&3]
&3]
&3]
&3]

]
nimouse L M: R:

3[fﬂ]| Choose Analysis | ExampleLibRF db_mixer_xmit schematic | Simulator: spectre aps Interactive J|

Run the simulation and plot the results, as follows:

1. Start the simulation by clicking the green arrow icon. , in ADE or in the Schematic
Editor.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out logfile). When the analysis has completed, you may iconify the status
window.

2. Next, you will plot the Voltage Spectrum.

In ADE Explorer, select Results - Direct Plot - Main Form. Alternately, you can click
the Direct Ploticon ( : -)in the schematic window.

The Direct Plot Form is displayed.
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Figure 4-151 Direct Plot Form

Direct Plot Form
Plotting Mode ﬁPPEﬂdﬂ
Analysis
® tstab . hb_mt

Function

® HBE Transient¥ . HE Transient|

select ([Met ﬂ

Add To Outputs —
> Select Met on schematic...

3. Inthe Direct Plot Form, you will notice that there are two available analyses, tstab and
hb_mt. The tstab results appear because you chose Save Initial Transient Results”
(saveinit) in the Choosing Analyses form. When there is more than one tone in the
circuit, you will see hb_mt. A single tone simulation will show hb.

a. Select hb_mtin the Analysis section.
b. Select Voltage in the Function section.

Select Net in the Select drop-down list.

e o

Select spectrum in the Sweep section.
e. Select rms in the Signal level section.
f. Select dB20 in the Modifier section.

g. If you want to plot this setup in subsequent simulation, Select the Add to Outputs
option.

The Direct Plot Form is shown below.
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Figure 4-152 Harmonic Balance Direct Plot Form
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4. Click on the net labeled Output in the schematic.
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Figure 4-153 Output Net in Schematic

The plot is displayed.

September 2023 498 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Figure 4-154 Voltage Spectrum of Transmit Mixer
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5. Zoom in on the area around 1.9GHz. Place the cursor in the waveform window, click the
right mouse button and draw a box around the signals surrounding 1.9GHz. You may
need to do this several times to zoom in specifically to the area around 1.9GHz.

6. The waveform window should look similar to the following:
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Figure 4-155 Zoomed in Voltage Spectrum

File Edit Miew Graph Awxis Trace Marker Measurements Tools Window EBrowser Help

cadence

e T
|||,¢ g =2 BD Subwindnws:‘;nl_m L] nl"

1 ExampleLlibRF db_mixer_smit sche...

db{rmns(vh(hb " Output"i)

.utput; hb_mnt dB2 S120.0
-160.0

240,00

2200
-2a0.0
-400,0

lirnause L: I
9312341 |

A QR slen @)
>l JE Jlo=ssc 3>

1905 1915 1925 1935 L1945

(GHz)

7. Move the mouse cursor to the tip of the harmonic at frequencies 1.895G, 1.896G, 1.9G,
1.904G, and 1.905G. The tracking cursor values read the following:
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Frequency (GHz) Amplitude (peak, dB)
Low side RF freq 2 1.8995 -90.99
Low side RF freq 1 1.896 -91.90
LO Frequency 1.9 -92.43
Hi side RF Freq 1 1.904 -39.49
Hi side RF Freq 2 1.905 -39.49

Image rejection is the ratio of the power in the passband divided by the power in the
image. If you have dB, this is dB at the passband frequency minus dB at the image
frequency. Place a marker on the RF1 frequency (1.904G) by placing the cursor on the
trace and pressing the m bindkey Place a delta marker on the Image frequency
(1.895GHz) by placing the cursor on the trace and pressing d.
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Figure 4-156 Image Rejection
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The image rejection is 51.5dB.

8. You can create tabular data from the results. In the waveform window, select the trace by
clicking the legend on the left side of the graph area, clicking the right mouse button, and
selecting Send to - Table - New Window.
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Figure 4-157 Sending Waveform Data to Table
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A tabular table of data is displayed in a Virtuoso Visualization and Analysis XL Table
window. You can scroll down to the frequencies of interest using the scroll bar on the right
side of the table.
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Figure 4-158 Tabular Data
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Close the Direct Plot Form and the waveform window.
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Summary

In this section, you measured the voltage spectrum and image rejection on an up-converting
double-balanced (transmit) mixer using hb analysis. In the next section, you will measure the

third-order intercept.
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Three Tone IP3

For transmitters, there might be an IP3 spec at a signal in the large-signal range. This will not
be a small-signal projection, so the traditional HB/HBAC IP3 or rapid IP3 cannot be used for
this measurement. Instead, multi tone HB or QPSS-HB would be appropriate.

The simulation setup is nearly the same as the previous example. You only need to make a
couple of modifications.

1. Open the hb Choosing Analyses form by double-clicking the hb line in ADE Explorer.
The Choosing Analyses form is displayed, as shown below.
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Figure 4-159 hb Choosing Analyses Form
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2. Ensure that Accuracy Defaults (errpreset) is set to conservative. conservative is
set because third and fifth-order intermodulation distortion will be calculated with this
setup. Because these amplitudes are small, high accuracy is needed.

3. Inthe Tones section, select the line containing one of the IF tones. For this
measurement, you will again use 5 harmonics for the IF and IF2 tones.

Figure 4-160 Choosing Analyses Tones Section - Setting Mxham for IF Tones

# Hame  Expr Walue  Mxham Owszp Tstebh  SccId
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| Thange | |Delete ) | Update From Hierarchy |

4. When making an IP3 measurement using three large tones, you will need to do a power
sweep. Click the Sweep button in the Choosing Analyses form. The form expands.

5. In the Sweep section:
a. Set Sweep to Variable.

b. For Frequency Variable? select no. You will be sweeping input power rather than
frequency.

c. Clickthe Select Design Variable button and choose pif. You will be sweeping the
input power on the IF ports.

Figure 4-161 Select Design Variable Form
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d. Click OK.
e. Inthe Sweep Range section, choose Start-Stop and sweep from -14 to -4.
f. Setthe Sweep Type to Linear and Step Sizeto 1.

The Sweep section of the form should look like the following:

Figure 4-162 hb Choosing Analyses Form Sweep Section for 3 Tone IP3
Measurement.
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6. The complete hb Choosing Analyses form should look like the following:
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Figure 4-163 hb Choosing Analyses Form for 3 Tone IP3
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7. Click OK at the bottom of the Choosing Analyses form.

The Analyses section of ADE Explorer must be as shown below.

Figure 4-164 ADE Simulation Window
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Note: If you selected the Add to Outputs button in the Direct Plot Form in one of the
earlier simulations, you will see the Outputs in the Outputs pane of the simulation
window. Deselect the plot expressions in the Outputs pane. If you do not, a family of
spectral plots will be displayed when you plot the results.

Run the simulation and plot the results, as follows:

1. Start the analyses by clicking the green arrow icon. , in ADE Explorer or in the
Schematic Editor.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out lodfile). When the analysis has completed, you may iconify the status
window.

Next, you will plot the IP3 results.

2. When the simulation has finished, in the ADE Explorer, select Results - Direct Plot -
Main Form.
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The Direct Plot Form is displayed, as shown below.

Figure 4-165 Harmonic Balance Direct Plot Form
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3. Inthe Direct Plot Form, you will notice that there are two available analyses, tstab and
hb_mt. The transient-assisted results are accessible by selecting the tstab analysis.
The hb results are accessible by selecting the hb_mt analysis. Note that when there is
more than one tone, you will see hb_mt (signifying harmonic balance multi-tone). A
single tone simulation will show hb. In the Analysis Section, make sure that hb_mt is
selected.

a. In the Function section select /PN Curves.

Note: You will be plotting Input IP3. Note that the N in IPN Curves is selectable an
canbe 2,3, 4,5, 6,or7.

b. Select Port(Fixed R(port)).

c. Set Circuit Input Power to Variable Sweep (“pif”’). You will be plotting output
power vs. swept input power. pif is the swept power specified on the port

d. Setthe Input Power Extrapolation Pointto -9. This is the power at which the
circuit operates.

e. Select Output Referred IP3 and Order 3rd to plot input referred IP3.

f. The main upconversion frequencies are at 1.904G and 1.905G. The third order
intermodulation products are at 1.903G and 1.906G. Select the lowest amplitude
first order term and the largest amplitude of the third order term.In this case, since
both first order terms and both third order terms are almost identical in amplitude, it
does not matter which first and third order terms are selected. Select 1.906G for the
third order term and 1.904G for the first order term. Alternately, you can select
1.905G for the first order term and 71.903G for the third order term.

dg. Note that if you have more than one selection for any of the frequency terms (for
example, the third-order term), you will want to select the correct one. To select the
correct frequency, add the absolute value of the indices displayed for the desired
frequency and choose the frequency with the lowest value. For example, for the two
1.903G, frequencies, you have |1|+|2|+]|-1|=4and |1|+]|-3|+|3|=7.You
want to choose the first 1.903G entry because adding the absolute value of the
indices produces the lowest number.
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Figure 4-166 Selecting the Correct 3rd Order Term When Plotting IP3

Freg. (Hz) LD IF IFZ

T o0on T 3 =

- h 1 o02e _ o
Order 1

Harmoaonic 1. 004G 1 1 a

h. Similarly, you will need to choose the appropriate first order term. Note the selected
1.905G entry. When adding the absolute value of the indices, it produces the lowest

number.

Figure 4-167 Setting the Correct 1st Order Term when Plotting IP3

The Direct Plot Form should look like the following:
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Figure 4-168 Direct Plot Form for Measuring IP3
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4. Select the Output port on the schematic.

Figure 4-169 output port

The IP3 plot appears. Note that you can move the Input Referred IP3 label by clicking
and holding the right mouse button and dragging the label to another part of the screen.
You may need to first click in the graphics to deselect the IP3 marker.
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Figure 4-170 Output Referred IP3

Virtuoso (R) Visualization & Analysis XL: ExampleLibRF db_mixer xmit maestro
Eile Edit ¥iew Graph Axis Trace Marker WMgasurements Tools Window  Browser Help (é dence
IH-B-cdamls ¢ w U B X| 2.Q.Q o oy @l
|44 7 B 00 suowindows;, 1 K@/ M | |Data Point 000000 [l I E Jllcrassic @
] ExarnplelibRF db_mixer_smit sche .

Wis |trace

Cutput Referred IP3 = 4.36214

-':u
=]
[==]
=

—

o -
[

=

[+]
o,

lrnouse L: K R:
102(255) | Trace: ipnCurves (trace=1st Order); Context: /fserversiscratchd3) spectrerftestcase151/RF_Doc_Databasessimulation/db_

The output referred IP3 is shown on the plot as 4.36dBm. You can also plot input referred
IP3 from the Direct Plot Form or read it directly off the x-axis.

Close ADE Explorer and exit the Schematic Window, as follows:
1. In ADE Explorer, choose Session - Quit.

2. In the schematic window, choose File - Close All.
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Summary

In this section, you measured the three tone spectral content, image rejection, and output IP3
of a Transmit Mixer. In the next section, you will measure the Signal-to-Noise ratio of a

Transmit Mixer.
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Signal-to-Noise Ratio

The image reject mixer makes it possible to transmit one of the two sidebands (for example,
f2+£1 or £2-£1). The only way to achieve image rejection in both legs is to have a +/- 45
degree phase difference on the inputs. Typically, the DSP (digital signal processor) produces
the 45 degree phase difference. Since we are not able to measure the noise figure directly on
this circuit, we calculate the signal to noise ratio (SNR) instead. The inputs are set in order to
mimic a balun. We cannot use a shifter combiner on the input (it is an RC circuit) because it
would be too narrowband.

Note: That there will be no image rejection for noise because noise is random and has
uncorrelated phase. The only image rejection is on the signals 4MHz and 5MHz. The
bandwidth of the signal that will be transmitted is approx 10MHz.

Open the db_mixer_xmit mixer circuit in the Schematic Window, as follows:
1. In the CIW, choose File — Open.
The Open File form is displayed.
2. In the Open File form, choose ExampleLibRF from the Library drop-down list.
3. Choose db_mixer_xmit from the Cells list box.

The completed Open File form looks like the following:

Figure 4-171 Open File Form

Open File
File
. Cells
Librar ExampleLibRF
o n 4_inv_th1
Cell db_mixer DIFF_TNV
INV
i RC_Oscillator
. h i _|
View e n VC_Ring_Osc_Diff
Type schematic cascode
Browse db_mixer_xmit
- o invlx
lnaSimple
Application opamil )
. oscillator_ckt L
Open with Schematn:sL n sh fet test
— Always use thisapplication for this type of file

Open for ® edit _ read

Library path file  ommy/adeTest/spectreRFtestcase/RF_Doc_Database/cds.lib

Openin ® newtab _ currenttab o newwindow

m Cancel Help
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4. Click OK.

The Schematic window for the db_mixer_xmit mixer is displayed.

Figure 4-172 db_mixer_xmit Schematic

Virtuoso® Schematic Editor L Editing: ExampleLibRF db_mixer_xmit schematic

Launch Hle Edit View Create Check Options Window Help cadence

= 0 MmxX0T e B-T-Z-S-QQQAE|B L L »E

- @ =

aa = R LTS _B-

| Navigator bl X|

< Instances
db_mixer_xmit
Q B -
Mame - [
d_b_mixer_xmit
- gl €0 [cap) (|
- gl C1 [cap) =]
- gl C2 [cap)
- gl C3 [cap)
- gl C6 [cap)
- gl C7 [cap)
- gl E1 [vcus)
- gl E2 [vcus)
- gl E3 [vcus)
- (gl E4 [vcus)
- (gl E5 [vcus)
- gl E6 [vcus)
- () 126 (shifter_combiner)

Property Editor rdll=lib.S

—
mouse L: schSingle SelectPt() M: deOpeni()
3@ | »

R: schHiMouse PopUp()
Cmd: Sel: 0 J|

5. In the Schematic window, choose Launch — ADE Explorer.

The Virtuoso Analog Design Environment Explorer window is displayed, as shown
below.
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Figure 4-173 Analog Design Environment Window
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L]
imouse L: M: iy
310 | | ExampleLibRF db mixer_xmit schematic | Simulator spectre  Interac ive J|

Choosing the simulator options, as follows:
1. In ADE Explorer, select Setup — Simulator.
The Choosing Simulator is displayed.

2. Select spectre as the Simulator.

Figure 4-174 Choosing Simulator/Director/Host Form

Choosing Simulator — ADE Explore

Simulator
@E» e sppy  Help
a. Click OK.

3. Set up the High Performance Simulation Options, as follows:

In ADE Explorer, select Setup - High Performance Simulation. The High
Performance Simulation Options window is displayed, as shown below.
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Figure 4-175 High Performance Simulation Options

High-Performance Simulation Options

Simulation Performance Mode — Spectre !,APS w Spectre X s XPSMS

General

Accuracy + Speed
Error Preset: ® Do notoverride . Liberal _ Moderate . Conservative
APS Options

Use ++aps:

Multi-Threading

® Auto . Disable . Manual

Post-Layout Settings

Enable Post-Layout Optimization:

Instance Preservation: 2 MNone o Selected

m _ Cancel | Defaults /| Apply /| Help

In the High Performance Simulation window, select APS. Note that auto is selected
for Multithreading options. The effect of this is to detect the number of cores on the
system (up to 16) and then multi-thread on all the available cores. The bigger the circuit,
the more threads you should use. For a small circuit such as this, you may want to set
the number of threads to 2. Using 16 threads on a small circuit might actually slow things
down because of the overhead associated with multithreading.

Click OK.
4. Select Outputs — Save All.

The Save Options form is displayed.
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5. In the Select signals to output section, ensure that allpub is selected.

Figure 4-176 Save Options Form

| Basic | Save By Subckt

Save Options

Save Options

Select signals to output (save)

Use Fast Viewing Extensions

r
e

— none __ selected __ Wipub __ Wi} ¥ allpub | __ all
Select power signals to output (pwr) _ none __ total __ devices _ subckts _ all
Select device currénts (currents) __ selected __ nonlinear __ all _ none
Select AC terminal currents (useprobes) _ yes _ no
Set probe terminal level (probelvl)
Select AHDL variables (saveahdlivars) _ selected __ all
Transient Time Window Options
— Transient time window save options fime setuy
e ——
Save circuit information analysis
Name | What | Where | File | Extremes| Others | Enabled|
modelParameter models rawfile w
element inst rawfile v
outputParameter  output rawfile w
designParamVals parameters rawfile »
primitives primitives rawfile ¥
subckts subckts rawfile o
asserts assert rawfile L]
extremeinfo all loghile yes L
<Click_To_Add=> none rawfile ed
node na
Output Options
Output Format _ sst2 |_ psf _ psfwithfloats o psfxl _ fsdb

A

This is the default selection. This saves all of the node voltages at all levels of the
hierarchy, but it does not include the node voltages inside the device models.
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6. Click OK.

Set up the model libraries, as follows:

1.

Select Setup - Simulation Files. The Simulation Files Setup form is displayed, as

shown below.

Figure 4-177 Simulation Files Setup Form

Vector Files

spectrel: Simulation Files Setup

|Files/Paths

E} Include Paths
| <Click here to add a path=
C}- Definition Files
. b _|<Click here to add a file>
C}- Stimulus Files
el | <Click here to add a file>
C}- Parasitic Files (DSPF)
!l |<Click here to add a file>
L} Parasitic Files (SPEF)
!l |<Click here to add a file>
[}~ PSpice Files

o _|<Click here to add a path=

Options

[ ox e

_Apply . Help

Ensure that the Include Path is set as shown above.

Select Setup — Model Libraries.

The Model Library Setup form is displayed.

In the Model Library File field, type the following for the name of the model file:

models/modelsRF.scs

Click OK.

The Model Library Setup form looks like the following.
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Figure 4-178 Model Library Setup

spectrel: Model Library Setup

|Model File R
[ Global Mode! Files
il o models/modelsRF.scs \s!
o sharefgpdk180_v3.3/models/spectrefgpdk.scs
-I:I_

Cancel . _Apply . _Help

Alternately, you can click on the Browse button and browse to the modelsRF.scs
model file.

6. Make sure that the Model File name is selected.

7. Click OK.
Setting Up For Calculating Signal to Noise Ratio

To calculate signal to noise ratio, you first need to calculate the signal using a three-tone hb
analysis. You will take the signal value at 1.904G (alternately, you could look at 1.905G) and
note that value for later. Then, you will set up a pnoise analysis.

Three Tone HB Analysis Setup

Setting the Design Variables

1. Ensure that your settings look like the following, in the Design Variables section of ADE
Explorer:
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Figure 4-179 Design Variables Section of ADE Explorer Window

[ % Design Variables
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Setting Up the HB Analysis

1. In ADE Explorer, select Analyses — Choose. You can also select the Choosing
Analyses icon ( &) at the right of the ADE Explorer window.

The Choosing Analyses form is displayed, as shown blow.

Figure 4-180 The Choosing Analyses Form

Choosing Analyses — ADE Explorer

Analysis ® tran s dc — ac — Noise
— uf — SENs — dcmatch o acmatch
— sth — pz - If — Sp
- emvlp o pss — pac — pstb
— pnoise . pxf — psp — qpss
— qpac — qpnoise . gpxf — qpsp
— hb — hbac — hbsth — hbnoise
 hbsp o hbxf

Transient Analysis

Accuracy Defaults (errpreset)

__ conservative __ moderate __ liberal
— Transient Noise

Dynamic Parameter

Enabled Options...

m _ Cancel | Defaults /| Apply /| Help

2. Inthe Choosing Analyses form, select hb. The form expands. Since the circuit is
mostly sinusoidal (not strongly nonlinear) Harmonic Balance is the appropriate analysis
to choose.
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Figure 4-181 The HB Choosing Analyses Form
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Harmonic balance can set the harmonics automatically for the signal that causes the
most distortion. This is recommended in the general case. To enable this, select Decide
automatically or Yes forthe Run Transient selection in the Transient-Aided Options
section. This single action will cause a transient analysis to be run until steady-state is
detected, and then from the transient analysis, the number of harmonics for Tone1
(when Frequencies is selected) or for the tone that has tstab enabled (when Names is
selected).

3. In the Transient-Aided Options section of the form, select the following:
a. For Run transient? select Decide automatically.
b. For Stop time (tstab), auto is automatically populated in the field.
c. For Save Initial Transient Results (saveinit), select yes.

During the transient-assisted HB simulation, a transient simulation runs before the
frequency domain iteration of harmonic balance. Only the LO signal is “on” during the
tstab transient. At the end of the tstab, an FFT is run and its result is used as the starting
point for the frequency domain iterations

All the signals are applied and the simulation is done in the frequency domain. Only the
signals and the mixing products are calculated by hb.

Figure 4-182 Transient Assisted Harmonic Balance

Harrnaonic Balance Analysis

Transient-Aided Options

Run transient? Decide autormatically n

Detect Steady State v IStI:lp Timeitstab) | auto

Save Initial Transient Results (saveinit) — ho 1 5

4. Inthe Tones section, select Names. When Names is selected, the Tones portion of the
form expands. All the sources in the top-level schematic are read into the form
automatically.

5. Select one of the LO sources in the Tones section. You can use hb with up to four signals
present in the circuit. In this circuit, there are three tones, the LO and two RF tones. The
four LO signals have the same name, the same frequency, and are considered a single
tone. Whenever you have two signals at the same frequency, make sure you set the
Frequency Name 1 or Frequency Name 2 property on the source to the same name
as it was done in this example. When Tones is set to Names, the simulator considers
both of the sources as a single frequency.
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Because you are using auto-tstab, Tstab is set to yes by default in the Tones section
for the LO tone. The signal with tstab=yes is the signal that is used for transient-
assisted harmonic balance. Only one signal can have transient assist, that being the
signal with tstab set to yes.

Note: tstab is set to yes on the signal that causes the largest amount of distortion in the
system. (In this example, that is the LO tone).

During the tstab interval, a transient analysis is run before the frequency domain iteration
of harmonic balance. At the end of the tstab, an FFT is run and its result is used as the
starting point for the frequency domain iterations.

Then all the signals are applied and the simulation is done in the frequency domain. Just
the signals and the mixing products are calculated by hb.

6. Because you are not using the auto-harmonics feature, you need to change the Number
of harmonics on the LO tone to 7. Place the cursor in the field under Mxham and type
7. Verify that tstab=yes on the LO tone. Click the Change button. Note that all four LO
sources are now updated with a Mxham of 7.

Typically, you want to use the auto-harmonic feature (type auto into this field).You will be
using the manual method in this example to show how this is done. Leave Ovsap
(oversample) set to the default value of 1.

7. Click the Change button when finished. The form updates. Note that the LO tones now
have Mxham=7 and Tstab=yes.

Figure 4-183 Tones Section of hb Choosing Analyses Form

10NEes o Freguencies & Mames
Tones
# Name  Expr Value  Mxham Ovsap Tstabh  Srcld

L0 flo 1.9G T 1 yes n i

Change Delete Update From Hierarchy
.. i L ot |- '

Fregdivide Ratio for tone with Tstab

8. Select the IF tone in the Tones list box. Change the Mxham setting on both /F1 and IF2
tones from the default value of 3to 5. In the Tones section, select the line containing one
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of the IF tones. For this measurement three IF harmonics is not enough. You will need to
increase the number of IF tones for greater accuracy.

9. Set Accuracy Defaults (errpreset) to conservative.
10. Leave the rest of the form set to the default values.

The Choosing Analyses form should look like the following:
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Figure 4-184 HB Choosing Analyses Form
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11. Click Apply at the bottom of the Choosing Analyses form.
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Setting Up the HBnoise Analysis

Set up the HB Noise simulation. You will be running an hbnoise simulation with the rf
tones turned on.

12. In the Analysis section select hbnoise. The form changes, as shown below.

Figure 4-185 hbnoise Choosing Analyses Form

Harmaonic Balance Moise Analysis

Multiple hbroise =]

Sweeptype default n Sweep is currently absolute

Output Frequency sweep Range (Hz)
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Sweep Type
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Sidebands
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Moise Figure —

Output

Erobe n Cutput Probe Instance Select

Do Moise L

Noise Type timeaverage n

Timeaverage: single-sided spectrum and harmaonic-referred
{modulated] noise analysis

Contribution Type:
& USE  AM o PM o AMEPM o ALLIAM.PM.USE.LSE)

hoise separation — ¥EBE _— no

Separate naoise into saurce and gain

Enabled Options...
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13.
14.

15.

16.

17.
18.

19.

The default Sweeptype should be left at defaullt.

Inthe Output Frequency Sweep Range (Hz) section, type 1.9G+1K inthe Startfield
andtype 1.9G+1K+10M inthe Stop field.

In the Sweep Type section, select Linear. Type 9 in the Number of Steps field.
Choose a number which does not allow the simulator to take a step at any of hb
harmonics to avoid getting infinite flicker noise warnings.

Leave the Maximum sideband field blank. In HBnoise, this value should either match
the number of harmonics in HB analysis, or be left blank, in which case it uses the
number of harmonics in HB.

Select the Noise Figure option.

In the Output section, select probe. Click Select to the right of the Output Probe
Instance field In the schematic, click the source to the left of the Output label.
Alternately, you can type /PORT_out in the Output Probe Instance field.

For Input Source, select none. You only need to measure output noise and in this setup,
you cannot measure noise figure.

Hbnoise analysis fundamentally calculates the output-referred noise, and it is the output
frequency range that is specified in the hbnoise Choosing Analyses form. Mixing can
occur with harmonics of all the input frequencies, and to get this, leave the Maximum
sideband field blank. The Choosing Analyses form should look like the following:
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Figure 4-186 hbnoise Choosing Analyses form for Output Noise Measurement
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Running the Simulation and Plotting the Results

1. Start the analyses by clicking the green arrow icon. » in ADE Explorer or in the
Schematic Editor.

This netlists the design and runs the simulation. A SpectreRF status window appears
(spectre.out log file). When the analysis has completed, you may iconify the status
window.

2. When the simulation has finished, select Results - Direct Plot - Main Form in ADE
Explorer. The Direct Plot Form is displayed, as shown below.

Figure 4-187 Harmonic Balance Direct Plot Form

Direct Plot Form
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Analysis
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Function

#® HE Transient¥ . HE Transient |
Select (Mt n

Add To Outputs L

> Select Met on schematic...

_tielp

In the Direct Plot Form, you will notice that there are three available analyses: tstab,
hb_mt, and hbnoise. The transient-assisted results are accessible by selecting the
tstab analysis. The hb results are accessible by selecting the hb_mt analysis. Note that
when there is more than one tone, you will see hb_mt (signifying harmonic balance
multi-tone). A single tone simulation will show hb. The hb results are accessed by
selecting the hbnoise analysis.

3. Inthe Analysis section, select hb_mt. The Direct Plot Form expands.
4. In the Function section, verify that Voltage is selected.

5. Select Net.
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6. In the Sweep Section, select spectrum.
7. Inthe Signal Level section, select rms.
8. In the Modifier section, select Magnitude.

The Direct Plot Form should look like the following:

Figure 4-188 Direct Plot Form
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9. Click on the net labeled Output on the right side of the schematic.

10. The plot of Voltage Spectrum vs Frequency is displayed in the waveform window, as
shown below.

Figure 4-189 RMS Voltage vs Frequency

Virtuoso (R) Visualization & Analysis XL: ExampleLibRF db_mixer_xmit maestro
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11. Zoom into the region of the graph near 1.9GHz. Press and hold the right mouse button
while moving the cursor to draw a box around the signals near 1.9GHz. When you
release the mouse, you are zoomed in. You may need to do this several times to get
zoomed in to just the area around 1.9GHz.

12. Place a marker at 1.904GHz (or 1.905GHz). Place the mouse over the 1.904G trace at
the top and select the bindKey m to place the marker. The rms voltage at 9.104G is
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10.571431mV, as shown below. This is the signal part of the Signal-to-Noise ratio you
will be calculating in the next step.

Figure 4-190 Zoomed in RMS Voltage vs Frequency
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Plotting the Noise Results

1. When the simulation has finished, plot the Voltage Spectrum in V/sqrt(Hz) from the
Results Browser.

ADE Explorer, select Tools - Results Browser.
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Figure 4-191 Invoking the Results Browser After Simulation
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Alternately, you can click the Results Browser icon in the Schematic, as shown below.

= |k
g e ults Browser]
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Figure 4-192 Selecting hbnoise results using the Results Browser
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3. Double-click on the hbnoise_mt folder shown highlighted in the above figure. The folder
expands. Click the right mouse button on the out signal, and select Plot Signal from the
context menu, as shown below.
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Figure 4-193 Selecting out Net in the Results Browser
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4. Select and release the mouse over the New Subwindow. The Noise is plotted in V/
sqrt(Hz), as shown below.
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Figure 4-194 Noise Results
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5. Note that the units are in V/sqrt(Hz). You want to calculate the noise voltage in a 1Hz
chunk of the spectrum. To do this, open the Calculator by clicking the right mouse button
on the out signal in the Results Browser and selecting Calculator.
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Figure 4-195 Sending Output Waveform to Calculator
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The information is added in the Calculator Buffer, as shown below:

September 2023 543 Product Version 23.1
© 1990-2023 All Rights Reserved.



Spectre Circuit Simulator and Accelerated Parallel Simulator RF Analysis in
ADE Explorer Workshop

Figure 4-196 Output Noise Data Entered into Calculator Buffer
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6. You want to look at the Noise Voltage over a 1 Hz bandwidth.

In the Calculator you need to square the voltage to get it in units of power. P=v2 /R,
where R is some arbitrary value.

In the lower part of the Calculator, in the Function Panel section, ensure that All is
selected from the drop-down and select x**2. The Calculator Buffer updates, as shown
below.

Figure 4-197 Squaring the Noise Voltage
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7. Next, you need to integrate the power over bandwidth. Select the integ function from the
Function Panel. The form changes. You are integrating the power from 1k to 10M (these

are the same values that were in the hbnoise Choosing Analyses form).

8. Verify that the signal is automatically populated in the Signal field. If it is not auto-

populated, enter 1 . 9G+1K as the Initial Value and 1.9G+1K+10M as the Final

Value.

Note that this is the same range used in the hbnoise Choosing Analyses form.

Figure 4-198 Integrating the Squared Noise Voltage over a 1Hz Bandwidth.
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9. Click OK. The Calculator buffer is updated, as shown in the figure below.
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Figure 4-199 Integrating the Noise Power over a 1Hz Bandwidth
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10. Finally, you need to take the square root of the expression in the buffer to put it back into
terms of voltage. Click on the sqrt function in the Function Panel. The calculator
buffer looks like the figure below:

Figure 4-200 Integrated Noise Voltage
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11. Click the Table icon ( 4 )to evaluate the Calculator buffer contents and display the
results in a table, as shown below:

Figure 4-201 Evaluating the Calculator Buffer
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12. The result is sent to the Table, as shown below.

Figure 4-202 Calculating Integrated Noise Voltage Using the Table Icon.
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Alternately, if you click the Plot icon, the value for noise voltage appears in the Calculator
buffer, as shown below.
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Figure 4-203 Calculating Integrated Noise Voltage Using the Plot icon
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The Noise voltage is 3.122E-6 Volts.

Now you are ready to calculate the Signal to Noise ratio (SNR). You first plotted the rms
Voltage (from a three-tone harmonic balance simulation) at 1.904G to be 10.57134mV. Next,
you divide the Signal by the Noise to get the SNR.

. -3
SNR = Signal _ 10.57134e — _ 3386

Noise 3.122e_6

To get the SNR in dB at 1.904GHz, take the log of the SNR value and multiple by 20.

SNR= 20 e log(3386)= 70.59dB

You can easily do this in the Calculator using the dB20 Math function, as shown below.
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Figure 4-204 Using the dB20 Math Function
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Click the Plot button (| ™). This gives 70.59dB.

Note that the SNR is fairly high.

Summary

The Mixer section showed how to simulate and make typical measurements on a receiver
mixer and a transmit mixer.

In the Receive Mixer Measurement section, the following measurements were shown:
m  Mixer Conversion Gain using hb and hbac analyses

m LO to IF leakage using hb analysis
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Noise Figure measurements using hb and hbnoise analyses
1dB compression point, desensitization, and blocking using hb, hbac, and hbnoise
Third-Order Intercept measurement using three-tone harmonic balance

Rapid IP2 and Rapid IP3 using specialized hbac analysis

Compression Distortion Summary using hb and specialized hbac analysis.

In the Transmit Mixer Measurement section, the following measurements were shown:
B Image rejection using hb analysis.
B Three-tone swept IP3 (large signal) using multi-tone hb analysis.

m Signal-to-Noise Ratio using the hb and hbnoise analyses.

For more information on simulating Mixers, please refer to the chapters in this user guide and
the Spectre Circuit Simulator RF Analysis Theory Guide.
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