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Mixer Design Using SpectreRF

Mixer Design Using SpectreRF

Note: The procedures described in this workshop are deliberately broad and generic.
Your specific design might require procedures that are slightly different from those
described here.

Purpose

This workshop describes how to use SpectreRF in the Virtuoso Analog Design
Environment to measure parameters that are important in verifying mixers.

Audience

Users of SpectreRF in the Virtuoso Analog Design Environment.

Overview

This application note describes a basic set of the most useful measurements for mixers.

Introduction to Mixers

Mixers are key components in both receivers and transmitters. Mixers translate signals
from one frequency band to another. The output of the mixer consists of multiple images
of the mixer’s input signal where each image is shifted up or down by multiples of the
local oscillator (LO) frequency. The most important mixer output signals are usually the
signals translated up and down by LO frequency.

In an ideal situation, the mixer is an exact replica of the input signal. In reality, mixer
output is distorted by non-linearity in the mixer. In addition, the mixer components and a
non-ideal LO signal add noise to the output. Leakage effects caused by bad mixer designs
also complicate the design of the complete system.

Noise performance and the rejection of out-of-band interferers affect the sensitivity of

receivers. Linearity affects transmitter performance, where error-free output signals are
important.
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The Design Example: A Differential Input Mixer

The mixer measurements described in this workshop are calculated using SpectreRF in
the Analog Design Environment. The design investigated is the mixer shown below.
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The example circuit, a single balanced differential down-converting mixer, runs with a
local oscillator at f(LO) = 5 GHz. The range of interest is the baseband output noise from
1 kHz to 10 MHz. The RF signal frequency used for the simulation is around 5001 MHz.
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Testbench

In this workshop, you use the mixer measurements testbench shown below to measure
typical mixer characteristics. You use a PORT component and match impedance for each
of the inputs and the output.

VDDA1

<
A =18 g
B LO >
VLo bplun_id_DPNC Pl P o liop ouTP

freq|= flo
vaDEm = plo

VbiasLO

] To supply a LO input to the mixer, the testbench uses a port (PORT1) with a
matching resistor and transfers the single-ended signal into the differential with an
ideal balun.

] To represent the RF input to the mixer, the testbench uses a port (PORTO) that is
matched to the mixer input.
] To use the differential output for measurements, the testbench matches the output

port (PORT3) to the output impedance of the mixer.
Simulate the resulting testbench as follows

] Set the LO bias voltage to 1.5 V and set the mixer supply to 2.5 V.

] Set the LO port to a sinusoidal source for all the measurements described in this
workshop.
] Set the RF port to either a dc or a sinusoidal source, depending on the

requirements of each measurement. The RF port has a dc bias of 0.5 V.

] For both LO and RF ports, the amplitude and frequency of the signal are
parameterized as plo, prf, and frf. You usually specify the amplitude in dBm. In
addition, for the RF port, specify the small signal parameter PAC Magnitude. Use
pacmag or pacdbm, depending on the units you prefer.

] Set the Output port to dc with no bias.
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Example Measurements Using SpectreRF

The Mixer measurements described in the following labs are calculated using SpectreRF
in the Analog Design Environment.

Begin your examination of the flow by bringing up the Cadence Design Framework II
(DFII) environment for a full view of the reference design:

To prepare to run the workshop:
Action: 0-1  Move into the ./rfworkshop directory.
Action: 0-2  Start the tool virtuoso&.

Action: 0-3  In the CIW window, select Tools — Library Manager.
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Lab 1: Voltage Conversion Gain Versus LO Signal Power (Swept hb
with hbac)

A mixer's frequency converting action is characterized by conversion gain or loss.
The voltage conversion gain is the ratio of the RMS voltages of the IF and RF signals.
The power conversion gain is the ratio of the power delivered to the load and the
available RF input power.

When the mixer's input impedance and load impedance are both equal to the source
impedance, the power and voltage conversion gains, in decibels, are the same. Note that
when you load a mixer with a high impedance filter, this condition is not satisfied.

You can calculate the voltage conversion gain in two ways:

] Using a small-signal analysis, like PSS/hb with PAC/hbac or PXF. The PSS/hb
with PAC/hbac or PXF analyses supply the small-signal gain information. You
can use either PAC/hbac or PXF analysis to compute the voltage gain.

] Using a two-tone large-signal QPSS/hb analysis, which is more time-consuming.
The power convergence gain, in general, requires that you run the two-tone large-
signal QPSS/hb analysis.

This example measures the variation of conversion gain with the power of the LO signal.

Action 1-1:  In the Library Manager window, open the schematic view of the
mixer_testbench design in the library RFworkshop.

Action 1-2:  Use the mouse to select the PORTO source. Then, in the Virtuoso
Schematic Editor, select Edit — Properties — Objects.

The Edit Object Properties window for the port cell appears.
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(v Edit Object Properties %)
&pply To Lﬁnly current n Linstanu:e B
Show _ system o user » CDF
Library Mame analoglib
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Action 1-3:  Click OK on the Edit Object Properties window to close it. Select PORT 1
and show the object properties:
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b Edit Object Properties *
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Action 1-4:  Make sure the Source type for PORT3 is set to dc.

v Edit Object Properties ®
Apply To \only current B instance B
Show _ system o user o CDF

Likirary Mame analogLih

Cell Marme port

Wi Mame symbol

Instance Mame FORT3

dzer Property taster Value Local Yalue Display
lvslgnore TRUE off n
COF FParameter WValue Display
Resistance 2%, Ohms hath
Reactance off
Fort number 2 off
DC voltage off

Source type dc B

Display small signal params
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=
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=
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Action 1-5:  Check and save the schematic.

Action 1-6:  From the Mixer_testbench schematic, choose Launch — ADE L.
The Virtuoso Analog Design Environment window appears.

Action 1-7:  You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab1_VCGvsLO_hbac” and skip to Action 1-12

or...

Action 1-8:  In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.
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Action 1-9:  In the Choosing Analyses window, select the 4b button in the Analysis
field of the window. Set the fundamental frequency parameter, flo = 5
GHz. Set errpreset = moderate. Click Sweep and enter plo as the Variable
Name parameter to sweep LO power. Click Sweep Range and set Start
=-10 dBm and Srop = 20 dBm. This sweeps LO power from a small value
to a value above the expected gain saturation. The form looks like this.

Harmonic Balance Analysis
Transient-Aided Options

Run transient? Decide automatically i

Detect Steady State v Stop Time(tstab)  auto
Save Initial Transient Results (saveinif) —no . vyes
Tones & Freguencies o Mames
Mumber of Tones ®B1 Oz o3 @4
Tone 1

Fundamental Freguency 5G
Mumber of Harmonics auto

Cverzample Factor 1

Fregdivide Ratio for Tone 1 1

Harmonics |Default n

Accuracy Defaults (errpresef)

_ conservative » moderate _ liberal
Dscillatar
Sweep 4 n ~ .
i Fregquency Yariable? & no o yes

kadagis . variable Mame | plo

Select Design Variahle

Sweep Range

& Start-Stop

start -10 Stop 20
— Center-Span
Sweep Type
& Linear & Step Size 5
« Logarithmic  Mumber of Steps

Add Specific Points
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Note: The new hb analysis in MMSIM12.1 determines the length of tstab
and number of harmonics automatically. All you need to do here is to set
fundamental frequency and the sweep.

Action 1-10: In the Choosing Analyses window, select the hbac button in the Analysis
field of the window. Set the fixed input frequency point to the RF signal
frequency, 5001 MHz. Leave Maximum sideband blank so that the default
value, which is the number of harms in hb, will be used..

analysis  fran ws dC o AC « hoise
o =T o 58Ns i domatch o sth
s P2 o4 S - Envip s 33
ws Pac - psth o pnoise o pRf
- pEp - pss o gpac — gpnoise
Gt o psp & hb ® hbac

— hbnoise . hbsp

Harmonic Balance &C Analysis
Sweeptype |default n Sweep is currently absolute
Input Freguency Sweep Bange (Hz)

Single-Point B Freq ‘sooww

Add Specific Points

Sidebands
kAaximum sideband H

When using hb engine, default value is harms of 15t tone.
specialized Analyses

Maone n

Enabled w Ciptions...

m _ancel Defau_ltje.j _Apply o Help

Action 1-11: Make sure the Enabled button is on. In the Choosing Analyses window,
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click OK.

The Virtuoso Analog Design Environment window looks like this.

Virtuoso® Analog Design Environment (3) - RFworkshop mixer_testbench schem: _ o=

Launch Session Setup  Analyses Wariables OQutputs  Simulation Besults Tools Help CEdEH(E

l=F=AF SRR =N N

Anal 2la]x] —
Design Yariables P |ee SAC
Type | Enahle| : Arguments b
- Mate | Yalue | |5 ne v (5G) 5-10 20 3
a a0 T 5.001G |
2 Tl 5.001G - = L=
Epacmag 1 |F:“'
;pacm -a0 ®
= plo 15
g flo 5G @
. Outputs 28X Q
MarmesSignal/Expr | ¥alue | Flot| Save| Save Opfions |
> Results in ..ufriworkshapssimulationdmiz| | P10t afier simulation: | Auto ] Plotting deE:LHEplaCE_n |
imouse L: I R:
21(48) | Temperature | Status: Ready | T=27 C | Simulator: spectre | State: Lab1_VCGysLO_hbac ]

Action 1-12: In the Virtuoso Analog Design Environment window, choose
Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

Action 1-13:  After the simulation completes, in the Virtuoso Analog Design
Environment window, choose Results — Direct Plot — Main Form.

Action 1-14: In the Direct Plot Form, select the Abac button, and configure the form as
follows:
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You get the following waveform:

September 2012

| Direct Plot Form

Flotting kMode  |Append

fnalysis
w hhb & hbac

Function

2 Yoltage o Violtage Gain
~ Current o IPM Curves

Select Instance with € Terminals

Sweep
~ spectrum & variahle
Modifier

— Magnitude . Phase

. Real w Imaginary

Cutput Harmonic
-5 19 9995

4 14,9995 |
_3 90995

-2 4,003

0 L5.001lc v

Loadpull Contour _

Add To Outputs —

= Select Instance with 2 Terminals on schematic...

_Cancel ) Help

Action 1-15: Select port 3 on the schematic.

14
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The PAC analysis computes gain directly only when you set the pacmag
parameter to 1 V. Otherwise, take a ratio of the output and input. The
maximum conversion gain value is reached somewhere around 15 dBm.
Use this value for the plo parameter in the following measurements.

Action 1-16: After viewing the waveforms, click Cancel in the Direct Plot Form. Close
the waveform window.
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Lab 2: Voltage Conversion Gain Versus RF Frequency (hb and Swept

hbac)

This lab measures how conversion gain varies with the frequency of the stimuli.

Action 2-1:

Action 2-2:

Action 2-3:

Action 2-4:

Action 2-5:

Action 2-6:

If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

Set port as you did in Lab 1.

From the Mixer_testbench schematic, choose Launch — ADE L.

The Virtuoso Analog Design Environment window appears.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab2_VCGvsRF_hbac” and skip to Action 2-9 or
In the Virtuoso Analog Design Environment window, choose Analyses —

Choose.

In the Choosing Analyses window, select the zb button in the Analysis
field of the window and set the form as follows:
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B Choosing Analyses -- Virtuoso® Analog Design E [X

analysis s Tran o OC o ac s hoise
w <~ sens o docmatch o sth
wt P2 Wt 5P — envip W 53

w pac o psth o phoise o pef

— psp o pss i gpac — gpnoise
ws p=f w Opsp =& hb — hbac
 hbnoise _ hbsp

Harmonic Balance &nalysis
Transient-aided Options

Run transient? [Decide automatically

Detect Steady State [ Stop Timeltstab)  aoto
Save [nitial Transient Results (saveinit) led MO el WES
Tanes ® Freguencies o Mames
FHumber of Tones B W @3 @4
Tone 1

Fundamental Frequency &i
Mumber of Harmonics auto

Cversample Factor 1

Fregdivide Ratio for Tane 1 1

Harmonice  Default n

accuracy Defaults (errpreset)

& conservative _ moderate _ liberal
Dscillator _
Sweep L
Loadpull e
Enabled Diptions...

wEancely) wRefaulis) wApplyy e HBlh
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Action 2-7:  In the Choosing Analyses window, select the hbac button in the Analysis
field of the window. Set the RF input frequency to sweep from 5 G +
1 kHz to 5 G + 10 MHz. The form looks like this:

B Choosing Analyses -- Virtuoso® Analog Design E | X

Analysis  tran o 0 W ac  hiise
w #f w fBhns o domatch o osth
s P2 o 5 w ENYIp S }:3:

w pac o psth o phoise L pef

o psp — Opss o gpac  Qgpnoise
o et w fpsp o hb 2 hhac
. hbnoise . hbsp

Harmonic Balance AC Analysis
Sweeptype  default H Sweep is currently absolute
Input Fregquency Sweep Range (Hz)
start-stop n Stat  §.000001e  Stop 5.0l

Sweepn Type

Sutomatic n

Add Specific Points

Sidebands
fdaimum sideband n

When using hhb engine, default value is harms of 13t tone.

Specialized Analyses

Mone n

Enabled Cptions... |
- —

@I ool Defaults | Apply | Help

Action 2-8:  Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like this.
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[ virtuoso® Analog Design Environment (1) - RFworkshop mixer_testbench schem: = |0 |[X|
Launch Session Setup  Analyses Wariables Outputs Simulation Results Tools Help cadence
Bl a8 d
fAnal TIGEX] —
Design Yariahles il @8 Ac
_Type | Enable| Arguments. s
_ Mame | Malue | T} no v (5G) 5
1_ 1) - E 9G 53.01G @
2 fifl 20MG =
Epacmag 1
4_pacm -50
= plo 15
5 o 5G
Il Outputs X|®
i MamesSignaldExpr | Yalue | Plot| Save| Save Optmns | I_
> Results in ...uffworkshopisimulation/miza| | P10t after simulation: | Ao n Plotting mode: Replace . _]
imouse L: fll:
2(3) | Save State ... | Status: Ready | T=27 C | Simulator: spectre | State: Lab2_WCGwsRF_hbac ﬂ

Action 2-9:  In the Virtuoso Analog Design Environment window, choose

Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

Action 2-10:  After the simulation completes, in the Virtuoso Analog Design
Environment window, choose Results — Direct Plot — Main Form.

Action 2-11: In the Direct Plot Form, select the hbac button, and configure the form as
follows:
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e | Direct Plot Form x
Flotting Mode  Append

Analysis

w hb =& hhac

Function

2 Voltage o Yoltage Gain
w Current o IPMN Curves

Select Instance with & Terminals

Sweep
— spectrum & sideband
Modifier

— Magnitude . Fhase 2 dBz0

. Real  Imaginary

Citput Sideband

“E 19 959G - 206 |
-4 14.99G - 15G
-3 9.995 - 106

-2 4.995 - 5

< i}

add To Outputs —

= Gelect Instance with ¢ Terminals on schematic...

wEancely wHelh

Action 2-12: Select port 3 on the schematic.

The waveform window appears:
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rr r»rr oo 1~ r 1 rrrr1r o rrr 1 [ 11 rr 1 111t T 1 [ T 111171 1. TT7T]
2 5.0

freq (MH=)

Because the sweep type in the analysis is linear by default, uniform
frequency points display along the X-axis in the above plot. For a large
frequency range, set the sweep type to logarithmic.

The same PAC analysis generates results you can use to measure RF to
LO isolation. The results are also used in the measurements that follow.

Action 2-13: Close the waveform window and click Cancel in the Direct Plot Form.
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Lab 3: Voltage Conversion Gain Versus RF Frequency (hb and Swept

hbnoise)

This example uses PXF analysis to measure the small-signal voltage conversion gain.

Action 3-1:

Action 3-2:

Action 3-3:

Action 3-4:

Action 3-5:

Action 3-6:

Action 3-7:

If it is not already open, open the schematic view of the mixer_testbench
design in the library RFWorkshop.

Set the ports as you did in Labl.

From the Mixer_testbench schematic, choose Launch — ADE L.

The Virtuoso Analog Design Environment window appears.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab3_VCGvsRF_hbnoise” and skip to Action 3-

Qor...

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

In the Choosing Analyses window, select the zb button in the Analysis
field of the window. Set the form as in Action 2-6.

In the Choosing Analyses window, select the hbnoise button in the
Analysis field of the window. Sweep the output frequency from 1 kHz to
10 MHz. The form looks like this.
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W Choosing Analyses -- Virtuoso® Analog Design Er X |

Analysis  fran w dc W ac  hoise
i Xf o Sens o domatch o sth
W P2 o 5P w envlp o 155

w prac o psth L pnoise L pEf
w sp o Opss o gpac  [pnoise

e st w Hpsp o hhb  hhac

(»

hbnoise o hhbsp

Harmonic Balance Moise Analysis

Fultiple hbnoise

Sweeptype  |default n Sweep is currently absolute

Ctput Frequency Sweep Range (Hz)
start-stop [ stant 1k Stop | 10M

Sweep Type

Automatic n

Add Specific Points

Sidebands
Naximum sideband n

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

Citput
Positive Output Mode  fIFp Select
voltage E—
Megative Output Mode  /IFn Select
e
Input Source
nane n
Do Moise L
Enabled W Ciptions...
N

_Cancel . Defaults _ apply  Help

Note: When turning off the Do Noise button, the hbnoise analysis is
actually the hbxf analysis.
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Action 3-8:  Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like this.

Launch Session Setup  Analyses Mariabhles Outputs  Simulation Results Tools Help

cadence
I @7 e de
Anal i = =
Dresign Yariables B Engbi . 6eo ac
e able uments b
- Mame | Yalue | | 0 (50 - &
lprf o Ehbnmse W TE 108 AFp AFN E
2 frfl 5.001G - - s,
5 pacag 1 h::-'
; pacm -a0 )4
5 plo 15
g flo 5G @
1l OQutputs 7 8 %] Q
MamedSignal/Expr | Walue | Plat| Save| Save Options | |_
. Plot after simulation: |Auto n Plotting mode; Replace n |
nmouse L: bd: R

2(3) | Save State ... | Status: Ready | T-27 ¢ | Simulator: spectre | State: Lab3_VCGusRF_hbnoise [

Action 3-9:  In the Virtuoso Analog Design Environment window, choose

Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

Action 3-10:  After the simulation completes, in the Virtuoso Analog Design
Environment window, choose Results — Direct Plot — Main Form.

Action 3-11: In the Direct Plot Form, select the hbxf button and configure the form as
follows:
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-

hd Direct Plot Form
Flotting Mode  |Append n
~analysis

' hb = hbef
~ Function

& Yoltage Gain o Transimpedance

~ Sweep

s spectrum & sideband

~ Modifier

s Magnitude . Fhase & dBZ0

' Real s Imaginary

Cutput Sideband
-3 14,995 - 14 9f

-2 9,995 - 5. 997
-1 4.9895 - -’-1.99

0 1E - 10

Add To Outputs —

= Select Port or Woltage Source on schematic...

mL' CanceI'JL' Help 'J

Action 3-12:  Select input port 0 on the schematic.

18

The waveform window appears:
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Action 3-13:  After viewing the waveforms, click Cancel in the Direct Plot Form.

Another way to measure small-signal gain is to use the PSS and PSP/PXF
analyses to get the gain and noise parameters with one simulation. For
more information, refer to the SpectreRF user guide Appendix L (using
psp and pnoise analysis).

You can also set up an appropriate QPSS analysis to measure large-signal
gain. Set LO as a large tone on the Plo port. Use a sinusoidal voltage
source for the Prf port. This analysis models the signal at a particular
frequency going through the mixer. In the Direct Plot Form for QPSS, the
Voltage and Power Gain provide all the needed information.
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Lab 4: Power Conversion Gain Versus RF Frequency (hb with Two

Tones)

You can measure the Power Conversion Gain and Power Dissipation for an unmatched
source and load using an hb analysis with two tones. If the effect of the RF tone is small,
you might use an hb analysis with one tone instead, as mentioned in previous sections.

Action 4-1:

Action 4-2:

Action 4-3:

Action 4-4:

Action 4-5:

Action 4-6:

Action 4-7:

If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop

From the Mixer_testbench schematic, choose Launch — ADE L.

The Virtuoso Analog Design Environment window appears.

Use the mouse to select the PORTO source. Then, in the Virtuoso
Schematic Editor, select Edit — Properties — Objects. The Edit Object

Properties window for the port cell appears. Make sure the properties are
set as follows:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type sine
Frequency name 1 RF1
Frequency 1 frfl
Amplitude 1 (dBm) prf

Check and save the schematic.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab4_PCG_hb2” and skip to Action 4-12 or ...

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

In the Choosing Analyses window, select the b button in the Analysis
field of the window. Set the form as follow:
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o Ot

' P3P

2 hb — hbac

 hhnoise o hbsp

Harmonic Balance &nalysis

Transient-aided Options

Run transient? Decide automatically n

Detect Steady State [

Save Initial Transient Results (saveinit)

Taones

& Freguencies

Stop Timeitstab)  auto

noo_ yes

— Mames

Fumhber of Tones

o 1

Tane 1

o O d
Taone &

LT

Fundamental Frequency &5i

frfl

Fumhber of Harmaonics

auto 3

Cversample Factar 1

Fregdivide Ratio for Tone 1

Harmonics | Default B

Accuracy Defaults (errpresef)

» conservative

Ciscillatar

SWEED 4 n v
Yariable

Sweep Range

& Star-Stop

— Center-Span

Sweep Type
& |inear -
 Logarithmic .

Add Specific Points

September 2012 28

Tone 1 be LO or sighal which causes the most nonlinearity.

__ moderate

start 5. 000016

1

__ liheral

Freguency Yariable? & no o ves

Yariable Mame frfl

Select Design Yariahle

Stop 501G

Step Size g
Mumber of Steps
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Action 4-8:

Action 4-9:

Action 4-10:

Action 4-11:

Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

In the Virtuoso Analog Design Environment window, choose Outputs —
To Be Saved — Select on Schematic.

In the schematic, select the positive terminals of port0, port3, and V0.

After you select them, the terminals are circled in the schematic window,
indicating that you are saving the currents at these nodes.

With your cursor in the schematic window, press Esc to end the selections.

The Virtuoso Analog Design Environment window looks like this.

El virtuoso® Analog Design Environment (1) - RFworkshop mixer_testbench schem: |2 |H|[X|

Launch Session  Setup  Analyses Mariables Outputs  Simulation Besults Tools Help CEdEﬂCE

Il gt de

S rianane;
| Type | Enahle| Arguments | =
” Maime | Walue | |1 ri v (9G) (5.001G) 5 3 5.00001G 5.01G &
1 pri -30 2 - (]
2 fif1 5.001G Lo
5 pacmagy 1 “::-'
% pacm -a0 b4
£ plo 15
g flo 5G 6
| Outpuis 7.8 %] Q
iy MamesSignal/Expr | Walue| Plot| Save| Sawe Cptions |
1 PORTO/PLUS ¢ ves I_
2 PORT3/PLUS O |w  |ves
3 VI/PLUS . w ves
> Results in ... urfworkshopsimulationdmix | P10t afler simulation: | Auto n Piotting mode: Replace __ﬂ |
nmause L: Il ' F.'_
2(3) | save State .. | Status: Ready | T=27 C | Simulator: spectre | State: Labd_PCG_hb2 ||
Action 4-12: In the Virtuoso Analog Design Environment window, choose
Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.
Action 4-13:  After the simulation completes, in the Virtuoso Analog Design
Environment window, choose Results — Direct Plot — Main Form.
Action 4-14: In the Direct Plot Form, select the 4b_mt button, and configure the form as

follows:
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September 2012

-

bt Direct Plot Form
Plotting Mode  |&ppend
~analysis
& hb_mt
~ Function
W Woltage s Current
' Power o Woltage Gain
s Current Gain & Power Gain

s Transconductance o Transimpedance

s Compression Point o IPM Curves

' Power Contours s Reflection Contours
o Power added Eff. o Power Gain Vs Pout

s Comp. Vs Pout s Mode Comples Imp.

select Lt)ut. and In. Ports { fixed R{OutPort) )

~ Sweep

s spectrum & variable

~ Modifier

' Magnitude ® dB10

Freq. (Hz) FLO FF1
1]
Output 1
H i : 20E -2 2 e
armanic K -3 3
4999975 4 -3
4. 999935 3 -2 dl
4999975 4 -3
Innut 4. 999935 3 -2
HF' | 4.999995 2 -1 e
armanic ta 1 i

.00001G

5. 00002c -

[y
]

Add To Outputs —

= Select Mumerator Output Port on schematic..

mL Cancel"‘][ Help J
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Action 4-15:  Select the top terminal of port 3 and the top terminal of port0 on the
schematic.

The waveform window appears.

Action 4-16: Close the waveform window. Click Cancel in the Direct Plot Form.
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Lab 5: Periodic S-Parameters (hb and hbsp)

The receiver amplifies the small input signals to the point where they can be processed by
the baseband section. You develop a gain budget where every stage in the receiver is
assigned the gain it is expected to provide. Therefore, the signal gain or loss provided by
the mixer must be known.

There are various ways of characterizing gain and all are derived from the mixer's
S-parameters. As such, it must be easy to calculate the various S-parameters of the circuit
and apply the various gain metrics.

Action 5-1:  If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

Action 5-2:  Use the mouse to select the PORTO source. Then in the Virtuoso
Schematic Editor select Edit — Properties — Objects. The Edit Object
Properties window for the port cell appears. Change the Source type to dc.
Blank out all the Second Sinusoid fields before setting the Source type to

dc.
Parameter Value
Resistance 50 ohm
Port Number 1
DC voltage 500 mV
Source type dc
PAC Magnitude ( blank )

For small-signal analysis, it is often sufficient to treat the RF input as a
small signal (for example, by setting the Source type to dc). However,
sometimes it is important to analyze additional noise folding terms
induced by the RF input (larger signal interferer). In those cases, the RF
source is a large signal and the Source type is sine.

Action 5-3:  Set lo port to sine type and output port to dc type.

Action 5-4:  Check and save the schematic.

Action 5-5:  From the Mixer_testbench schematic, choose Tools — Analog
Environment.

The Virtuoso Analog Design Environment window appears.
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Action 5-6:  You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab5_SParameter_hbsp” and skip to Action 5-11
or ...

Action 5-7:  In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

Action 5-8:  In the Choosing Analyses window, select the /4b button in the Analysis
field of the window. Set the form as follows:
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B Choosing Analyses -- Virtuoso® Analog Design E (X

Analysis  tran
s X
w Pz
o pac
o pap
o qpxf

— hbnoize

W ac

— SENS
o p

o pstb
— fpss
~ gpp
 hbsp

L

L

ac

dcmatch

envlp

phoise

fpac
hh

 hoise

L

e

e’

e

sth

pss

pf
fpnoise
hbac

Harmonic Balance Analysis

Transient-&ided Options

Run transient? Decide automatically

Detect Steady State

W

Stop Timeitstak)

Save Initial Transient Results {saveinit)

Tones & Frequencies  Mames

no

auto

- yes

Mumber of Tones

Mumber of Harmonics

Owersample Factor

&1

Taone 1
Fundamental Freguency &g

auto

1

Fregdivide Ratio for Tone 1

Harmaonics (Default n

accuracy Defaults (errpreset)

_ conservative s moderate

Dscillator

Sweep
Loadpull

Enabled

o 3

_ liberal

w4

Options...
e/

m L Cancel | Defaults | &pply | Help

Action 5-9:  In the Choosing Analyses window, select the hbsp button in the Analysis
field of the window and set the form as follows:
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B Choosing Analyses -- Virtuoso® Analog Design E [X

analysis  tran s C s aC . hoise
ot AT w 58NS o domatch o sth
wt P2 s 5P w Bhvlp s pss
ws PAc o pstb o pnoise o pAf
— psp o gpss o gpac — fpnoise
gt o/ Opsp W hb — hhac

— hbnoise & hbsp

Harmonic Balance 5P analysis

Sweeptype  default n sweep is Relative to Pors

Freguency Sweep Range(Hz)

atart-Stop n atart 1k stop 10M

aweep Type

Sutomatic n

&Add Specific Points

Selact Ports Ly

Port# Name Harm. Frequency
1 /PORTNO 1 to - L.01G
2 /BORT3 1E - 10H
3 /PORT1 1 56 - 501G

2 /PORT3 0 1K - 10

. Select Port | | Choose Harmonic | | Add | Change | | Delete

Do Maise
kdaximum Sideband
» yes
_ ho
Enabled w Dptions. ..
P T e

wleahcely e Defaults. ) applyy) eHelp

Action 5-10: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.
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The Virtuoso Analog Design Environment window looks like this.

Virtuoso ® Analog Design Environment (1) - RFworkshop mixer_testbench schem.'[:]E]E]

Launch  Sgssion Sefup  Analyses Mariables Qutputs  Simulation  BResults Tools Help cadence
IB&lEs a6 db J
Anal FRX| =
Design Variables b “"—“—’{ AT
| Type | Enable Arguments e
» Mame | Walug [ |l .
! 1 ahbsp TE.10M P
2 pri 30 = | i
5 plo 15 =
i pacm -50 b4
= 1T 5001G
g flo 5G Q@
i Qutputs 7 8 x| Q
Mamefsignal/Expr | Walue| Piot| Save|  Save Options |
AT
» Results in urwarkshopssimulation/misa | P10t after simulation: | Auto n Plotting mode: Replace n I
imouse L: b: R
2(3) | Metlist and Run | Status: Ready | T=27 C | Simulator. spectre | State: Lab5_SParameter_PSSPSP_HB J

Action 5-11: In the Virtuoso Analog Design Environment window, choose

Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

Action 5-12:  After the simulation completes, in the Virtuoso Analog Design
Environment window, choose Results — Direct Plot — Main Form.

Action 5-13: In the Direct Plot Form, select the 4bsp button and configure the form as
follows:
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September 2012

[ | Direct Plot Form
Flotting Mode  Append n
Analysis
w hb = hbsp
Function
2 5P it ZF st P wi HF
W GD o WIWR o MFmin o Gmin
— Rn ot 1 st MF s KT

W BT ot GT w GA s GP
o Gmax o Gmsy o Gumx o ZM
ot MC w GAC W GPC W LSE
w S55B - ws Fdsb . Fieee
 Fmin o GAIN i IRM  MFdsh

— MFieee
Description: S-FParameter

Flot Type

#& Rectangular o Z-5mith o *-5mith

. Polar
Modifier

— Mangnitude . Phasze & dBZ0

 Real w Imaginary

Sble/\aSldy/ cSid
[ N | W

FPart 1 active harmanic is 1
Faort & active harmonic is 1
FPart 3 active harmanic is 0

Loadpull Contour _

Add To Outputs —

|

Glklelngg
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Action 5-14: In the Direct Plot Form, click S11, S21, S12, and S22.

The waveform window appears:

dBZ0

=
E
m
m
o
L

Action 5-15: Close the waveform window.

Action 5-16: In the Direct Plot Form, choose the sp function, set the Plot Type to
Rectangular and Modifier to dB20. Plot S21.

Action 5-17: In the Direct Plot Form, choose GAIN.

September 2012 38 Product Version 12.1



Mixer Design Using SpectreRF
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[ | Direct Plot Form

Flotting Mode | Append

Analysis

— hh & hbsp

Function

— 5P  ZP -

' G0 o YEWR o
« Rn  n -
w BT Wt GT "
o Gmax o Gmsg o o
w MNC o GAC U
.~ S5B o F -
— Fmin & GAIN o

. MFigee

YP
RISl
MF
GA
Gums
GPC
Fdsh
IR

Cescription: Input to Output Gain

Loadpull Contour _

Add To Outputs | —

x|

HP
Gmin
)

GF
2
L5E
Fieee
MFdsh

Flot |
T

= Press plot button on this form...

Cancel | Help
e

Action 5-18: Click Plot. The waveform window appears with the following plot:
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E
I
il
o
1

Action 5-19: Close the waveform window. Click Cancel in the Direct Plot Form.

hbsp GAIN differs from the hbsp S21 gain and the Pnoise gain because
hbsp GAIN is independent of input match (determined by the impedance
of the RF port). hbsp S21 and Pnoise gains vary depending on the input
match. hbsp GAIN is the voltage gain from the internal port voltage
source to the output. For more information, see the SpectreRF user guide
Appendix L (using psp and pnoise analysis).
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Lab 6: Noise, Noise Summary and Noise Separation (hb and hbnoise)

Because the noise from the mixer is moderated by the LNA’s gain, it places a limit on
how small a signal can be resolved. The sensitivity of the receiver is then adversely
affected. Noise is measured using the noise figure (NF), which is a measure of how much
noise the mixer adds to the signal relative to the noise that is already present in the signal.
An NF of 0 dB is ideal, meaning that the mixer adds no noise. An NF of 3 dB implies that
the mixer adds an amount of noise equal to that already present in the signal. For a mixer
alone, an NF of 15 dB is typical.

Running the hb and hbnoise analyses produces all the needed information, including the
total output noise and the noise figure.

Action 6-1:

Action 6-2:

Action 6-3:

Action 6-4:

Action 6-5:

Action 6-6:

Action 6-7:

If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

Select the PORTO source and set the Source type to dc. Select PORT3 and
set the Source type to dc. Set PORT1 and set the Source type to sine.

Check and save the schematic.
From the Mixer_testbench schematic, choose Launch — ADE L.
The Virtuoso Analog Design Environment window appears.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab6_hbnoise” and skip to Action 6-10 or ...

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

In the Choosing Analyses window, select the zb button in the Analysis
field of the window and set the form as follow:
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B Choosing Analyses -- Virtuoso® Analog Design E (X

Analysis w tran o o T  hoise
o o EBNs o domatch o sth
o 2 Wt 5[ — envip o P55

w pac o psth L ophoise L sl

- psp o Opss o gpac  gpnoise
Gt w fqpsp & hb « hbac
— hbnoise _ hbsp

Harmonic Balance analysis
Transient-&ided COptions

Run transient? Decide automatically n

Detect Steady State v Stop Timedtstah)  auto
Save Initial Trangient Results (saveinit) L ho kd yes
Tones & Freguencies o Mames
Mumber of Tones R R R |
Tone 1

Fundamental Frequency Sl
Mumber of Harmonics g

Cwersample Factor 1

Fregdivide Ratio for Tone 1

Harmonics  |Default n

accuracy Defaults (errpreset)

» conservative _ moderate _ liberal
Czcillator
SwEep L
Loadpull -
Enabled w Ciptions...

Cance| Defaults Apply Help

Action 6-8:  In the Choosing Analyses window, select the hbnoise button in the
Analysis field of the window and set up the form as follows:
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& hhnoise o hbsp

Harmonic Balance Moise Analysis

kAultiple hbnoise L

Sweeptype  |default n Sweep is currently absolute

Cutput Freguency Sweep Range (Hz)

srestop R stan 1x Stop | 10M

Sweep Type

Automatic n

Add Specific Points

Sidehands
bdaximum sideband n 2

When using hb engine, default value is harms of 13t tone.

Citput
probe n Cutput Probe Instance  /PORT3 Select

Input Source

port n Input Fart Source fPORTO Select
Reference Side-Band [fiiny] = |ffout) + refsideband freq shif]
Enter in field n 1]

Fundamental Tones arder 56

Do Moise L

Noise Type sources g

sources: single sideband (S5B) noise analysis
Moise Separation » yes _ no

separate noise into source and gain

Enabled Ciptions...
e —————————

Note: You must specify the load as an output or probe. The load can be a
resistor or a port. All noise from the source is included in the denominator
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Action 6-9:

of the noise factor fraction, including excess noise, so do not specify
excess noise on the input port. (Excess noise is specified with the noisefile
or noisevec option.)

The refsideband can be determined by the following expression

[Finl = IFout + refsideband x Flol

Or the user can use the Select from list option to select the corresponding
input frequency range.

Reference Side-Band Iffing] = [fout) + refsideband freq shift]
Select from list B
From (Hz) 0 To(Hzl  1el2 | Max Order'I_B
side Frequencies FLO
L1 1K 10mM u]
1 4. 995 5G -1

w

Also note that Noise Separation is set to yes. When the Pnoise simulation
runs, the Pnoise separation feature is included during the simulation and
the corresponding results are saved. This allows the user to get more
information on how noise source and transfer function of each noise
source contribute to the output noise.

If the design contains the multiple stages, the user can use multiple
hbnoise on this form to calculate the noise at different points in the circuit.

Make sure the Enabled button is on. In the Choosing Analyses window,
click OK. The Virtuoso Analog Design Environment window looks like
this.
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- Virtuoso® Analog Design Environment (3) - RFworkshop mixer_testbench schem: ZE|
Launch Session Setup Analyses  Warishles Outputs  Simulation Results Tools Help cadence
A&7 el 8 E B
Anal =) B3
Design Yariables Lol il eus TS
| Type | Enable| Argume; ol
- Mame | - Yalug | 1] @
P - 2 hbnoise | g 1K 10M /PORTS
2 fifl 3.001G - - 3
Epacmag 1 H::*
Epacm -a0 h 4
5 nlo 15
5 o 5G (%
1l Outputs 78 x|
amedSignal/Expr | ¥alue | Plot| Save| Save Options |

N Flot after simulation: | Auto n Plotting mode; Replace n _]

imouse L ful: ' R:

23054) | Choose Design ... | Status: Ready | Tezn: (© | Simulatar: spactre | State: LahE_hbnoise g

Action 6-10: In the Virtuoso Analog Design Environment window, choose
Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

Action 6-11: In the Virtuoso Analog Design Environment window, choose Results —
Direct Plot — Main Form.

Action 6-12: In the Direct Plot Form, select the hbnoise button, and configure the form
as follows:
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= Direct Plot Form x
Flotting Mode  |Append n

Analysis

— hh 2 hhnoise

« hbnoise separation . hb=f

Function

w Dutput Moise o Input Moise

& Moise Figure . Moise Factor

w MFdsh  Fdszb

 MFieee  Fieee

« Phase Moise . Transfer Function

Integrated Ower Bandwidth -
Loadpull Contaur _

Add To Outputs — weElotay
— I

= Press plot button on this form...

GEaiEElE ek Einey

Action 6-13: Click Plot.
The waveform window appears.
Action 6-14: In the Direct Plot Form window, click New Subwindow.

Action 6-15:  Set the Function to Output Noise and configure the rest of the form as
follow:
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Direct Plot Form

Flotting Mode  |Append

Analysis

-~ hhb & hbhnoise

— hhnoise separation o hixsf

Function

& Cutput Moise o Input Moise

— Moise Figure - Moise Factor

— MFdsh — Fdsh

— MFieee — Fieee

— FPhasze Moise o Transfer Function

Signal Lewvel &N S sgiHE) o VIR S HE

Modifier

& tagnitude o dBZ20

Add To Outputs | — Flot

= Fress plot button an this form...

m _Cancel )| Help

Action 6-16: Click Plot. The waveform window appears.
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Action 6-17:  After viewing the waveforms, click Cancel in the Direct Plot Form.

It is valuable to know the main contributors of noise in a system, after the
noise performance of the circuit is calculated. This information is readily

available from a Pnoise simulation.

Action 6-18: In the Virtuoso Analog Design Environment window, choose Results —

Print — Noise Summary.
The Noise Summary form appears.

Action 6-19: Fill in the form as shown here.

Note: The Noise Summary form includes both a hbnoise and a
hbnoise_src choice. The hbnoise_src form and the fill, filter, and truncate

methods are the same as those used in the hbnoise form.

e | Nolse Summary
Data from  _ hbnoise_src & hbnaoise
Print the output noise of hhnoise-PORTS" analysis
Type o spot noise & integrated noise noige unit (M2 n
From (Hz) 1E To (Hz) 10M
weighting @ flat _ from weight file
FILTER
! Include All Types J
Include Mone
include instances Select Clear
\ A o
exclude instances Select Clear
L L -
TRUMCATE & SORT
truncate Ry number top 10
sorthy o noise contributors . composite noise _ device name
m. Cancel | Apply Help
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Action 6-20: Click the Include All Types button in the FILTER section.
Action 6-21: Click OK in the Noise Summary form.
The Results Display Window appears.

Window  Expressions  Info Help cadence

Device Param Noise Contribution % 0f Total

ASI19,/He id 3.2713e-10 4430

/RE rn 2. 24544e-11 11.17

SBORTO rn T.896661e-11 10,749

FI19 /M5 id L. 89784e-11 7.99

FI18 /14 id 5.89784e-11 7.99

fPORT3 I 5.64633e-11 T.65

FI18/R1 I 2.82198e-11 3.96

fI19/RE rn 2.821938e-11 3.96

/RE rn 2. 25355e-12 1.12

SPORT1 rn T.897445e-12 1.08

Integrated Noise Summary (in ¥°2) Sorted By Moise Contributors

Total Summarized Moise = T.38433e-10

Total Input Referred Woise = 4. 05106e-11

The zhowve noise summary info is for hbnoise data

Action 6-22:

After viewing the results, choose Window — Close to close the window.

You can use SpectreRF to quickly locate the noise sources that cause the
most noise to the output. The basic flow is:

[1] Direct Plot Form
[2] Pnoise/Qpnoise/hbnoise Separation
[3] Sideband Output

Here you decide which sidebands contribute more output noise.

[4] Instance Output

Here you decide which instances contribute more output noise to the
selected sideband.

[5] Source Output

Here you decide which primary sources contribute more output noise to
the filtered and truncated instances.

[6] Instance Source/Primary Source/Src. Noise gain
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Here you determine which primary noise sources or gains have more
effect on the output noise.

The steps of this flow are illustrated in the following actions.

Action 6-23: In the Direct Plot Form, select hbnoise separation, choose Sideband

Output, and select the sidebands (from -8 to 8).

-

hd Direct Plot Form
Plotting Mode  |&ppend -]
~analysis

 hb s hbnoize

# hbnoize separation _ hbsf

~ Function

& Sideband Output o Instance Output
o 3ource Output o Instance Source

s Primary Source o Src. Moise Gain

Moise contribution of sidebands to output

Currently, only sideband data is available

Signal Lewvel &N sgrtH) L WERE S HE

Modifier

& Magnitude o dBEZD

Cutput Sideband

4
5

‘add To Outputs | — Plot |

= Fress plot button an this form...

mL Cancel"‘][ Help J

Action 6-24: Click Plot.

The waveform window appears with results as shown below:
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Click the plus sign to the left of the label output noise in the upper left part
of the waveform window.

Select he highest amplitude curve. Note that the sidebband number reads
1.

Action 6-25: In the Direct Plot Form, set the Plotting Mode to Replace. Choose

Instance Output. Set Output Sideband as 1. Click Include All Types, and
set by top to 5, then click Plot.
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il Direct Plot Form *®
Plotting Mode  |Replace n
~Analysis

.’ hb « hbnoise

® hhnoise separation . hif

~ Function

s Sideband Output @ [nstance Output
o Bource Output o Instance Source

s Primary Source o Sro. Moise Gain

Moise contrib. of instance e.q. bjit mos to out

Currently, only sideband data is available

Signal Level & sgrt(Hz) L VERE S HE

Modifier

& dagnitude o dBZ0

Cutput Sideband
-1

0
1
2
3
4

~ Filter

L Include &ll Types J

L Include Mone J

- |
include inst. L Selact J ClearJ

exclude inst. L Select L Clearj
J

~ Truncate

by top & hiumber of instance output

Add To Outputs | — Flat |

= Fress plot button an this form...

mL Cancel-"][ Help J
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Action 6-26: Click Plot.

The result is shown below:

In this example, “I19.M6” contributes more output noise than the other
instances.

Action 6-27: In the Direct Plot Form, set Plotting Mode to Replace. Choose Source
Output. Set Output Sideband to 1, select Include All Types, and set by top
to 5.
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il Direct Plot Form *®
Plotting Mode  |Replace n
~Analysis

.’ hb « hbnoise

® hhnoise separation . hif

~ Function

s Sideband Output o Instance Output
& Source Output o Instance Source

s Primary Source o Sro. Moise Gain

Moise contrib. of primary source in instance to out

Currently, only sideband data is available

Signal Level & sgrt(Hz) L VERE S HE

Modifier

& dagnitude o dBZ0

Cutput Sideband
-1

0
1
2
3
4

~ Filter

L Include &ll Types J

L Include Mone J

- |
include inst. L Selact J ClearJ

exclude inst. L Select L Clearj
J

~ Truncate

by top & niumber of source output

Add To Outputs | — Flat |

= Fress plot button an this form...

mL Cancel-"][ Help J
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Action 6-28: Click Plot.

The result is shown below:

This plot shows that the thermal noise from the channel of 119.M6 is the
largest noise contributor, followed by the thermal noise of the resistor R6.
Note that the list order of the instances in this plot is different from that of
instance output.

Action 6-29: In the Direct Plot Form, choose Instance Source. Set by top to 1. Click
Plot to plot the noise source measurement of instance “119.M6”.

The result is shown below:
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W nois (Hz) & [19.ME

e
z
-

Action 6-30: In the Direct Plot Form, choose Primary Source. Set by top to 1. Click
Plot to plot the noise source measurement of primary source in instance
“I19.M6”.

The result is shown below:

Il noise source; A Hz) & 119.M6E.0d

Action 6-31: In the Direct Plot Form, choose Src. Noise Gain. Set by top to 1. Click
Plot to plot the noise gain from primary source in instance to output.
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So to improve the noise performance of this circuit, decreasing the output
noise of “I19.M6”is an effective solution. There are two approaches: one
is decreasing the magnitude of noise source “I19.M6” by adjusting the
device geometric size; the other is decreasing the transfer function of
“I19.M6”’by adjusting the circuit architecture.
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Lab 7: Port-to-Port Isolation among RF, IF and LO Ports (hb and
Swept hbac)

The isolation required between a mixer's ports depends on the circuit and the architecture
of the product. Isolation is critical for the mixer to function properly.

You can combine PAC and PXF analyses to produce transfer functions from different
ports to each other. One suggested configuration is to set up a PAC analysis with a
nonzero pacmag parameter at the signal input (the RF port) and to set up a PXF analysis
with the IF port as the output probe. This example uses pacmag = 1 for simplicity.

Action 7-1:

Action 7-2:

Action 7-3:

Action 7-4:

Action 7-5:

Action 7-6:

Action 7-7:

Action 7-8:

If it 1s not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

Use the mouse to select the PORTO source. Then, in the Virtuoso
Schematic Editor, select Edit — Properties — Objects. The Edit Object
Properties window for the port cell appears. Change the port properties as
follows:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type dc

PAC Magnitude pacmag

Click OK on the Edit Object Properties window to close it.

Set the Source type of PORT1 to sine, and the Source type of PORT3 to
dc.

Check and save the schematic.

From the Mixer_testbench schematic, choose Launch — ADE L.

The Virtuoso Analog Design Environment window appears.

You can choose Session — Load State, select Cellview in Load State

Option and load state “Lab7_Isolation_hbac” and skip to Action 7-14 or

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.
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Action 7-9:  In the Choosing Analyses window, select the 4b button in the Analysis
field of the window. Set up the form as follows:

B Choosing Analyses -- Virtuoso® Analog Design E X

analysis W/ tran W dc o aC « hoise
s w SENns o dcmatch o sth
W I ' Sp w envip o s

o pac o psth o pnoise o pef

i Psp i Opss S gpac w fgpnoise
s Ot w Opsp & hb « hhac
« hbnoise _ hbsp

Harmonic Ealance &nalysis
Transient-Aided Options

Fun transient? Decide automatically n

Detect Steady State 4 Stop Timeitstah)  auto
Save Initial Transient Results (saveinif) L ho . yes
Tones & Frequencies o Mames
Mumber of Tones ®m1 G2 O3 G4
Tone 1

Fundamental Freguency 5i
Mumber of Harmonics L eta]

Oversample Factaor 1

Fregdivide Ratio for Tane 1 1

Harmonics  Default n

Accuracy Defaults (errpreset)

» conservative _ moderate _ liberal
Discillator
Sweep -
Loadpull Ed
Enabled Ciptions...

@I concel Defaults | Apply  Help
hb simulation is set up here to check the LO feedthrough. LO feedthrough
is a large-signal effect and should not be measured using a small-signal
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analysis such as PXF. If you have a small RF conversion product and a
large signal (LO) also, the large signal swamps the small-signal (RF)
conversion product. Because there is no 1dB/dB relationship between the
LO and IF, you will get an incorrect answer. It is therefore not
recommended to use PXF to perform this measurement.

Action 7-10: In the Choosing Analyses window, select the hbac button in the Analysis
field of the window. Set up the form as follows:

B Choosing Analyses -- Virtuoso® Analog Design E | X

Analysis  tran o dc W/ ac  hoize
o =f w fEns o dcmatch o sth
o PE s S w BV w pss

W/ pac o psth o pnoise o pef

o pEp o P35 W gpac — fpnoise
] — dpsp o hb & hhac
 hhnoise o hhsp

Harmonic Balance AC Analysis

Sweeptype default n Sweep is currently absolute
Input Frequency Sweep Range (Hz)

statstop R stat 5 ooooote | stp (5ot

Sweep Type

Automatic B

add Specific Points

Sidebands
fAamximum sideband n

When using hb engine, defadlt value is harms of 15t tone.

Specialized Analyses

Hone n

Enabled Options...
- —_—

@I cancel Defaults | Apply  Help
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Action 7-11: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

PAC simulation is set up here to check the RF feed through.

The Virtuoso Analog Design Environment window looks like this.

[ virtuoso® Analog Design Environment (1) - RFworkshop mixer_testbench schem: 2 8%

Launch Session  Setup  Analyses Mariables Oufputs  Simulation  Besults Tools Help cadence
@l iz a8 db
Anal TIFIX] —
Design variables ialiiy 0se @ac
__Type | Enable| Arguments Cavans
i Marme | Walue [ 1l 5
L o S hbac | 5G 5.01G [ia]
2 fifl 5.001G = = b
Epacmag 1 “::“‘
ipacm -a0 ®
= plo 15
g flo 5G @
al Outputs 7 8 x|
MamedSignal/Expr | Walue| Plot| Save| Save Cplions | I_
> Results in ..ufrfworkshop/simulation/mix | P10t after simulation: Auta n Plotting mode: Feplace n |
lnmouse L: I: R:
203 | Load State ... | Status: Ready | T=27 C | Simulator: spectre | State: Lah7_lsolation_hbac J

Action 7-12: In the Virtuoso Analog Design Environment, choose Simulation —
Netlist and Run or click the Netlist and Run icon to start the simulation.

After the simulation runs, use the Direct Plot feature to plot the results.
To avoid desensitizing the stage following the mixer with high-level LO
signal feedthrough to the output, measure LO-to-IF isolation. Use the
results of the PSS analysis with the LO port as input and IF port as output

to measure the level of isolation.

Action 7-13: In the Virtuoso Analog Design Environment window, choose Results —
Direct Plot — Main Form.

Action 7-14: In the Direct Plot Form, select the 4b button, and configure the form as
follows:
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7 '\
hat Direct Plot Form *
Flotting Mode  |Append B

Analysis

& hb _ hbac

Function

W Woltage s Current

' Power & Yoltage Gain
s Current Gain s Power Gain

' Transconductance w Transimpedance
s Compression Foint o IPM Curves

' Power Contours s Reflection Contours
' Harmonic Freguency o Power added Eff.
s Power Gain s Pout o Comp. Ws Pout

' Mode Complex Imp. « THD

Select |Qutput and Input Mets B

Currently, anly spectrum data is available

Modifier

s Magnitude . Fhase & dBZ0

' Real s Imaginary

Input Harmonic

0 0
i

2 105 =

3 155 H

4 205

5 255 hd

Add To Outputs —

= Select Mumerator Output Met on schematic...

m Cancel Help )

Action 7-15: In the schematic, select the net IFp as the output and net VLO as input.

Action 7-16: In the waveform window, choose Marker — Place — Trace Marker to
place a marker at the first harmonic 5 GHz.

The following waveform shows the LO to IF feedthrough:

September 2012 62 Product Version 12.1



Mixer Design Using SpectreRF

M1: 5.0GHz -A0.4552dB

LO-to-RF feedthrough affects the functionality of LNAs and antennas and
the self-mixing causes the dc offset. Use the results of the PSS analysis
with the LO port as input and the RF port as output to measure the LO-to-
RF feedthrough.

Action 7-17: In the Direct Plot Form, change the Plotting Mode to Replace.

Action 7-18: In the schematic, select the net RF as the output and net VLO as input.

Action 7-19: In the waveform window, select Marker — Place — Trace Marker to
place a marker at the first harmonic 5 GHz.

The following waveform shows the LO to RF feedthrough:
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-50.0

-100.0

-150.0

b2 EOGHz -199 5252dB

freq KSH=)

RF-to-LO feedthrough affects the local oscillator by letting strong
interferers at the input pass through to the LO. Measure RF-to-LO
feedthrough using the PAC analysis results.

Action 7-20: In the Direct Plot Form, select the hbac button, and configure the form as
follows:

September 2012 64 Product Version 12.1



Mixer Design Using SpectreRF

= Direct Plot Form x|
Plotting Mode  |Replace n

Analysis

— hb & hbac

Function

& Voltage o Voltage Gain
w Current o IPM Curves

Select Instance with & Terminals

Sweep
— spectrum & sideband
Modifier

« Magnitude . FPhase & dBz0

. Real  Imaginary

Cutput Sideband

1 1¥, - 10M
1 105 - 10,0

5 156 - 15, 0im
2

L N [ 1
< il _ﬁ_

Add To Outputs —

= Gelect Instance with @ Terminals on schematic...

wleahcely wHalp,

Action 7-21:  Select 0 in Output Sideband to represent the RF signal and click PORT1 to
select the LO port as the output instance.

The following waveform shows the RF to LO feedthrough:
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RF-to-IF feedthrough might create an even-order distortion problem for
homodyne receivers. Measure RF-to-IF feedthrough using the hbac
analysis results with two simple changes.

Action 7-22: In the Direct Plot Form, select the hbac button and configure the form as
follows:
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-

hd Direct Plot Form
Flotting Mode  |Replace n
~analysis

‘s hb ® hhac
~ Function

& ‘Voltage o Yoltage Gain
o Current o IPM Curves

Select Llnstance with @ Terminals n

Sweep

s spectrum & sideband

Signal Level & peak orms

Modifier

s Magnitude . Fhase & dBZ0

' Real s Imaginary

Cutput Sideband

-3 9,985 - 9. 949¢
-2 4,985 - 4 991
-1 1K - 10 e
0 5.000001G - 5

1 10.0000016 - 1.
1l :

Add To Outputs —

= select Instance with ¢ Terminals on schematic...

ML Cancel JI Help |

Action 7-23:  Select O in Output Harmonic and select the IF output PORT 3.

The following waveform shows the RF to IF feedthrough:
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Action 7-24: Click Cancel in the Direct Plot Form. Close the waveform window.
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Lab 8: Mixer Performance with a Blocking Signal (hb, hbac, and
hbnoise)

Large interfering signals are called blockers. Blocking signals reduce the mixer's gain and
deteriorate the mixer's noise performance. As such, you need to measure the gain and
noise of a mixer in the presence of a blocking signal. Many communication standards
include blocking requirements for both mobile and base stations. The requirements use
several in-band and multiple out-of-band blocking signals.

Because a mixer has both signal and LO inputs, you should use the multi-tone large
signal hb analysis for these measurements. Follow the hb analysis with hbac and hbnoise
analyses to measure gain and NF variations versus the level of the interfering signal. In
the hb analysis, model the blocker as a moderate tone.

Action 8-1:  If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

Action 8-2:  From the Mixer_testbench schematic, choose Tools — Analog
Environment.

The Virtuoso Analog Design Environment window appears.

Action 8-3:  Select the PORTO source. Use the Edit — Properties — Objects
command to ensure that the port properties are set as described below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type sine
Frequency name 1 RF1
Frequency 1 5.003G
Amplitude 1 (dBm) prf
PAC magnitude (dBm) -30

Action 8-4:  Make sure the Source type of PORT1 is set to sine and the Source type of
PORT3 is set to dec.

Action 8-5:  Check and save the schematic.
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Action 8-6:  You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab8_Blocker_hbachbnoise” and skip to Action
8-14or ...

Action 8-7:  In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

Action 8-8:  In the Choosing Analyses window, select the 4b button in the Analysis
field of the window. Represent the blocking signal by setting the moderate
tone frequency fblocker = 5.003 GHz. Represent a small-signal RF input
by setting a fixed value for the pacm parameter. For example, in this
example pacm = -30 dB. In the hb analysis, sweep the parameter prf from
-50 dB to -8 dB. The form looks like this.
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Harmonic Balance &nalysis
Transient-gided Options

Run transient? |Yes n
Detect Steady State ¥ Stop Timedstab)  1n

save Initial Transient Results (saveinit) — ho __ yes

Tones & Frequencies o Mames

FHumber of Tones w1 @z W3 Q4
Tane 1 Tone £
Fundamental Fregquency 56 :

mumber of Harmonics auto K]

Cwersample Factor 1 1

Tone 1 be LO ar sighal which causes the most nonlinearity.

Fregdivide Ratio for Tone 1

Harmonice  Default n

accuracy Defaults (errpreset)

» conservative _ moderate _ likeral
Qscillator
Swree »
3 J_n Freguency Yariahle? & no o yes
L\-’arlable Yariable Mame prf

Select Design Yariahble

Swieap Range

©SEESOR gn Tog | swp -2
— Center-Span

Swieap Type

& Linear 8 Step Size c
« Logarithmic w Mumber of Steps

&dd Specific Points  » -10.5 -10 -9.5 -3 -8.6 -8.4 -8.0
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Action 8-9:  Make sure the Enabled button is on. In the Choosing Analyses window,
click Apply.

Action 8-10: In the Choosing Analyses window, select the ibac button in the Analysis
field of the window. Set the input frequency = 5.001 GHz and set
Sweeptype = absolute. The form looks like this.

Harmonic Balance AC Analysis

Sweeptype  |default n Sweep is currently ahsolute

Input Freguency Sweep Range (Hz)

|Single-Paint n Freq 5. 001G

&dd Specific Points  _

Sidebands Fram (Hz) 0 ke Order
\Select from range To (Hzy | 100m 2 n
side Frequency FLO FF1

Mo specialized analyses suppaort for multi-tone HBAC analysis

Enahled Options...
mL'Cancel'jL' Cefaults )L .ﬁ.pply'j[ Help 'j

A

Action 8-11: Make sure the Enabled button is on. In the Choosing Analyses window,
click Apply.

Action 8-12: In the Choosing Analyses window, select the hbnoise button in the
Analysis field of the window.
Use a 1 MHz frequency point and Maximum clock order = 10. Set Output
probe as PORT3 and Input Source as PORTO0. Use the Reference side-
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band as (1 0) to represent a downconverted RF signal relative to the IF
output signal, 1 MHz + 1 * f (LO) = f (RF). The form looks like this.

& hbnoise _ hbsp

Harmaonic Balance Moise Analysis

Fultiple hbnoise L

Sweeptype  |default : Sweep is currently absolute

Cutput Freguency Sweep Range (Hz)

hEﬂmle—F'nint : Freq 1M

add Specific Points

Sidebands
hdaximum sideband n

When using hhb engine, default value is harms of 15t tane.

Dutput
prohe B Cutput Probe Instance  /BORTS Gelect

Input Source

port n Input Port Source A/PORTO Select

Referance Side-Band [fiim] = |ffout) + refsidehand freq shifi)

Enter in fisld g 10
Fundamental Tones arder EG 5.003G
Do Moise L4

Moise Type sources |

sources: single sideband (S5B) noise analysis
Moise Separation _ YBS __ no

separate noise into source and gain

Enabled Ciptions...
e ————
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Action 8-13: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like:

§ Virtuoso® Analog Design Environment (2) - RFworkshop mixer_testbench schem: = [o=

Launch Session  Setup Analyses Mariahles Outputs  Simulation Results Tools Help cadence

A e i e i 8 @D

Design Yariables kbl = :?
_ Mame | YValug | - . - qn =
e -2 Ghbac | |5.001G [id]
j = 000 = hbnoise |y 1 /PORT3 e
5 pacmag 1 - — g
ipacm -50 ¥

= plo 15

g flo 5G ﬁ
i Qutputs gi.5| @

Mamed/Signal/Expr | ¥alue| Plat| Save| Save Options |

5 Flot after simulation: |Auta n Plotting mode: Replace n |

nmouse L: Pt . R:

923 | kain Form ... | Status: Ready | T=27 C | Simulatar: spectre | State: LabG_Blocker_hbachbnoise J

Action 8-14: In the Virtuoso Analog Design Environment, choose Simulation —
Netlist and Run or click the Netlist and Run icon to start the simulation.

When the simulation ends, you can check how the blocking signal affects
the performance of the Mixer.

Action 8-15: In the Virtuoso Analog Design Environment window, choose Results —
Direct Plot — Main Form.

Action 8-16: In the Direct Plot Form, select the hbac_mt button, and configure the form
as follows:
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hd Direct Plot Form *
Flotting Mode  |Append
~analysis

o hb_mt & hbac_mt  hbnoise_mt

~ Function

& oltage s Current
s PN Curves

Select Llnstance with @ Terminals

Sweep

s spectrum & variable

Signal Level & peak orms

Modifier

s Magnitude . Fhase & dBZ0

' Real s Imaginary
Freq. (Hz) FLO FF1
1M -1 1]
Output M a -1
Harmuonic

Add To Outputs —

= select Instance with ¢ Terminals on schematic...

m[ Cancel'jL' Help 'j

Action 8-17: Select PORT3.

The waveform window appears, showing the blocker effect on the voltage
gain.
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Action 8-18: Close the waveform window.

Action 8-19: In the Direct Plot Form, select the hbnoise_mt button, and configure the
form as follows:

Direct Plot Form

Plotting Mode  |Append n

Analysis

- hb_mt . hhac_mt & hbnoise_mt

Function

— Qutput Moise — Input Moize
® Moise Figure — Moise Factor
— MFdsh — Fdsh

— MFieee — Fieee

— Transfer Function
Currently, anly variahle data is available

Add To Outputs | — Flot

= Fress plot button an this form...

m _Cancel )| Help
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Action 8-20: Click Plot.
The waveform window appears.
Action 8-21: Right-click the X axis, move to Swap Freq Axis, left-click it. In the new

window, note that prf is already selected. Type 1M in the X axis value
field, select OK.

The waveform window appears, showing the blocker effect on the noise
figure:

Action 8-22: Close the waveform window. Click Cancel in the Direct Plot Form.
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Intermodulation Distortion and Intercept Points

Mixer distortion limits the sensitivity of a receiver if there is a large interfering signal
present that is within the bandwidth of the RF input filter (a characteristic known as
selectivity). There are two aspects of distortion that are of concern:

] Compression
] Intermodulation Distortion

The 1 dB compression point (CP1) is the point where the output power of the
fundamental crosses the line that represents the output power extrapolated from small-
signal conditions minus 1 dB. The 3rd order intercept point (IP3) is the point where the
third-order term as extrapolated from small-signal conditions crosses the extrapolated
power of the fundamental.

The third order intermodulation distortion occurs when signals at frequencies f, and f,
mix together to form the response at 2f, — f, and2f, — f,. If f, and f, are close
enough in frequency, then the intermodulation products 2 f, — f,and 2 f, — f, are in-band
and interfere with the reception of the input signal. (When choosing f, and f,, perform a

PAC analysis to determine the bandwidth of the circuit, and place them in the middle of
the bandwidth, close enough in frequency so that their intermodulation terms are well
within the bandwidth.) Distortion of the output signal occurs because several of the odd-
order intermodulation tones fall within the bandwidth of the circuit.

Intermodulation distortion is typically measured in the form of an intercept point. You
determine the 3rd order intercept point (IP3) by plotting the power of the fundamental
and the 3rd order intermodulation product versus the input power. Both input and output
power should be plotted in some form of dB. Extrapolate both curves from a low power
level and identify where they cross—that is the intercept point. To make this
determination and to be comfortable with the accuracy of the results, you must have a
broad region where both curves follow their asymptotic behavior. When in the
asymptotic region, the slope of an nth order distortion product has a slope of n. Thus,
when measuring IP3, the fundamental power curve is extrapolated from where the curve
has a slope of 1 over a broad region. The 3rd order intermodulation product is
extrapolated from a point where its curve has a slope of 3 over a broad region.

Previous versions of SpectreRF use either gpss (or hb)-based or gpac (or hbac)-based
methods to calculate IP3 in a system that contains a mixer and LO. In the qpss (or hb)-
based method, three-tone qpss/hb analysis with LO, RF1 and RF2 frequencies w0, wrr;
and wgp; 1s run at a given RF power level. IM3 of harmonic 2wgp;-wgrp2—wp o is obtained
from the solution. Assuming RF power is low enough and IM3 is dominated by leading
order VRF3 terms, log(Viy3) is expected to be a linear function of log(Vgr) with a slope of
3. IP3 is then extrapolated from V3. Here Vi3 and Vgp are amplitudes of the IM3 and
RF signals, respectively. This method requires very high accuracy to accommodate the
large dynamic range between the RF and LO signals because they are mixed in the same
solution vector. For a large circuit, this method also relies on speed and convergence of
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multi- tone gpss (or hb).

In the gpac (or hbac)-based method, a two-tone qpss/hb analysis at frequencies wgr; and
wro 1s run first. Then RF2 input is included as a small signal by gpac/hbac analysis to
calculate IM3 at 2wgp;-wrp2—@ro. As in the gpss-based (or hb) method, this method also
has to cover the dynamic range between RF1 and LO and depends on convergence of
two-tone gpss/hb.

Compared to the gpss (or hb)-based approach, the gpac (or hbac) approach reduces
computation from three-tone gpss (or hb) to two-tone gpss (or hb) plus a gpac/hbac by
applying first order perturbation to RF2 signal. The amount of computation can be further
reduced if we treat both RF signals as perturbation to the steady-state operating point at
LO frequency with zero RF input. In this way, leading order intermodulation between
RF1 and RF2 in IM3 can be computed directly from third order perturbation.

Starting in the MMSIM60 USR2 release, SpectreRF provides a perturbative approach to
solve weakly nonlinear circuits. This approach does not require explicit high order
derivatives from the device model. All equations are formulated in the form of RF
harmonics. They can be implemented in both time and frequency domains.

For nonlinear system, the circuit equation can be expressed as:
L'v+FNL(v)=8's

Here the first term is the linear part, the second one is the nonlinear part, and s is the RF
input source. Parameter ¢ is introduced to keep track of the order of the perturbation
expansion. Under weakly nonlinear condition, the nonlinear part is small compared to the
linear part, so the above equation can be solved by using the Born approximation
iteratively:

(n) _ (1) -1 (n-1)
u" =y’ —L -FNL(u )

where 4™ is the approximation of v and is accurate to the order or O(e").

Because the evaluation of Fy; takes full nonlinear device evaluation of F and its first
derivative, no higher order derivative is needed. This allows the simulator to carry out
higher order perturbations without modifications to the current device models. Also, the
dynamic range of perturbation calculations covers only RF signals, giving the
perturbative method advantages in terms of accuracy.
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Lab 9: IP3 Calculation (Swept hb and hbac)

Action 9-1:

Action 9-2:

Action 9-3:

Action 9-4:

Action 9-5:

Action 9-6:

Action 9-7:

Action 9-8:

If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

Select the PORTO source. Use the Edit — Properties — Objects
command to ensure that the port properties are set as described below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type sine
Frequency name 1 RF1
Frequency 1 frf
Amplitude 1 (dBm) prf
PAC magnitude (dBm) prf

Click OK on the Edit Object Properties window to close.

Check and save the schematic.

From the Mixer_testbench schematic, choose Launch — ADE L.
The Virtuoso Analog Design Environment window appears.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab9_IP3_hbac” and skip to Action 9-12 or ...

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

In the Choosing Analyses window, select the 4b button in the Analysis
field of the window and set the form as follows:
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Harmonic Balance Analysis

Transient-Aided Options

Run transient? Decide automatically B

Detect Steady State [ Stop Timedstab)  aoto

Save Initial Transient Results (saveinit) ke N0 e yes
Tones & Frequencies o Mames
Mumber of Tones o1 ®mz O3 o4

Tane 1 Tone 2

Fundamental Frequency &g 5.001G

Mumber of Harmonics auto 3

Cversample Factor 1 1

Tone 1 be LO ar signal which causes the most nonlinearity.

Fregdivide Ratio for Tone 1 1

Harmanics |Default n

Accuracy Defaults (errpreset)

& conservative _ moderate _ liberal
Cscillator
Swee »
g J_n Freguency Yariahle? & no o yes
SR Wariable Mame prf

Select Design Wariable

Svweep Range

- . -
B Stat  -50 Stop | -10
— Center-Span

Svweep Type

& Linear & Step Size c
. Logarithmic  Mumber of Steps

add Specific Points » -9 -8 -5 -2
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Action 9-9:  Make sure the Enabled button is on. In the Choosing Analyses window,
click Apply.

Action 9-10: In the Choosing Analyses window, select the hbac button in the Analysis
field of the window. Set the frequency of the small signal very close to
f(RF), for example 5.0011 GHz. In the Select from range option of the
Sidebands section, highlight the harmonics of interest. Limit the
harmonics to second order in the large tone (Set Clock Order = 2), from 0
Hz to 100 MHz.

The form looks like this.
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* | Choosing Analyses - Virtuoso® Analog Design Environn | *

Analysis ‘s tran wido  ac s hoise
wonf W 5Bns o odomatch o sth
Pz i oEp woenvlp i ss
‘e pac o psth opnoise o psf
W pEp o Opss oo gpac i\ gpnoise
s et W fgpsp o hb & hbac
s hbnoise

Harmonic Balance AC Analysis

Sweeptype |default n Sweep is currently ahsolute

Input Freguency Sweep Range (Hz)

Single-Point n Freq 5. 0011c

&dd Specific Points  _

Sidebands Fram (Hz) 0 ke Order
\Select from range To (Hz) | L00M 2 n

Iside Frequency FLO FF1

E
Q00K

1.1M
2.1M

Mo specialized analyses suppaort for multi-tone HBAC analysis

-

Enabled Ciptions... )

m[-t:ancel-j[- Defaults j[ .f-‘-.pply-j[- Help j

A

Action 9-11: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like this.
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H virtuoso® Analog Design Environment (4) - RFworkshop mixer_testbench schem: |2 |8 [¥|

Launch Session Setup  Analyses Mariables Outputs  Simulation Results Tools Help CEdEﬂ ce
Ay @l § 7 e i B @3B J
Anal 7 =
Design Yariahles b ‘—"—“—'| TS
_ Type |[Enable|  Amguments | -
- Mame | Walue I > (5G) (5.001G) 5 3 -50-10 & ("-9" "-8" "-5" "-2"
lm 2 5.0011G @
2 prf -30
épacmag 1
gpacm -a0 ®
5 plo 15
g flo 5G @
Il Outputs BES Q
ame/Signal/Expr | ¥alue| Plot| Save|  Save Options |

= Results in ...1/mwarkshopsimulationdmix | | P10t after simulatian: DN n Flotting mode: Replace n )

nmause L: It . R:
1020) | Delete

| Status: Ready | T=27 C | Simulator: spectre | State: Lab3_IP3_hbac ||

Action 9-12:  In the Virtuoso Analog Design Environment window, choose

Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

When the simulation completes, use the Direct Plot feature to view the
results.

Action 9-13: In the Virtuoso Analog Design Environment window, choose Results —
Direct Plot — Main Form.

Action 9-14:  To plot the 1 dB compression point, click Ab_mt analysis in the Direct Plot
Form. Select Compression Point. Select a point in the linear region for an
extrapolation or leave it blank to use the default value. The output
harmonic is (-1 1) or 1 MHz.
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Action 9-15:  Select output Port 3 on schematic.

-

hd Direct Plot Form

Flotting Mode  |Append

~analysis

& hb_mt . hhac_mt

~ Function
W Woltage s Current
' Power o Woltage Gain
s Current Gain s Power Gain

s Transconductance o Transimpedance
& Compression Point o IPM Curves
' Power Contours s Reflection Contours
o Power added Eff. o Power Gain Vs Pout

s Comp. Ws Pout s Mode Comples Imp.

Select |Port ( fixed Ripar) )

Farmat |[Qutput Fower n

Gain Compression (dB) 1

(Defaults to -50)

“prf ranges from -50 to -2
Input Poveer Extrapolation Point (dBm)

| Input Referred 1dBE Caompression

Freq. (Hz) FLO

15t
M
Crder -
Harmonic 4 007@
4. 998G

Add To Outputs —

= select Part on schematic...

mL Cancel JI Help |

You see the value of the P1dB value as shown below:
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Action 9-16:

Action 9-17:

Input Referred LdE Con

1stOrder freq=1M

Close the waveform window.

To plot IP3, select hbac_mt analysis in the Direct Plot Form, select the
IPN Curves button, select Variable Sweep. If the first extrapolation point
you select is not in the linear range of the IM1 and IM3 curves, you might
want to reset the extrapolation point later. To plot the third order input
referred intercept point, set the first order harmonic to (-1 0) or 1.1 MHz,
and the third order harmonic to (1 -2), or 0.9 MHz. Because the mixer is
down-converting to the baseband, the first harmonic is calculated as:

f(small signal) - f(LO) =5.0011GHz - 5GHz = 1.1MHz

The third harmonic is at 0.9 MHz or -0.9 MHz depending on the fregaxis
you selected in the Direct Plot Form. The form looks like this.
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Action 9-18:

September 2012

-

bl Direct Plot Form
Flotting Mode  |Append n

~analysis

e hb_mt & hhac_mt

~ Function

W Woltage s Current

& [PMH Curves

Select |Port ( fixed Ripar) )

Circuit Input Power o 3ingle Paint

“prf ranges from -50 to -2
Input Poveer Extrapolation Point (dBm)
(Defaults to -50)

| Input Referred IF:3

& ariahle Sweep

("prr)

Crder |3rd n

Add To Outputs —

Freq. (Hz) FLO FF1
100K I} -1
drd
1.1 -1 I}
il 2 1 -3 1
Harmonic
100K I} -1
15t Q00K 1 -2
1.1 -1 0
il 7 1M i 1
Harmonic

= select Part on schematic...

m[ Cancel'jL' Help 'j

Select output Port 3 on the schematic.

The third order input referred intercept point is calculated and curves of

harmonics versus prf are presented as shown below:
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Input Refarred

-la0a

Zrd COrder freq = 900K

1storder freg= 1.1M

Action 9-19:  After viewing the waveforms, click Cancel in the Direct Plot Form.

For more accurate results, you might want to set errpreset = conservative
when setting up the hb analysis. Initially, when you do not know the exact
location of the linear region for IM3 and IM1, you may use errpreset =
moderate to get a better understanding of your design. When the linear
region is known, defining a single point simulation with errpreset =
conservative is typically more accurate and less time-consuming.
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Lab 10: IP3 Calculation (hb with Three Tones)

Another way to calculate IP3 is to apply the LO and two moderate RF input tones in a
single hb analyses. That approach is illustrated in this lab.

Action 10-1:

Action 10-2:

Action 10-3:

Action 10-4:

Action 10-5:

Action 10-6:

Action 10-7:

Action 10-8:

If it 1s not already open, open the schematic view of the mixer_testbench
design in the library RFWorkshop.

Select the PORTO source. Use the Edit — Properties — Objects
command to ensure that the port properties are set as described below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type sine
Frequency name 1 RF1
Frequency 1 frf
Amplitude 1 (dBm) prf
Frequency name 2 RF2
Frequency 2 frf+0.1M
Amplitude 2 (dBm) prf

Click OK on the Edit Object Properties window to close.

Check and save the schematic.

From the Mixer_testbench schematic, choose Launch — ADE L.

The Virtuoso Analog Design Environment window appears.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab10_IP3_hb3” and skip to Action 10-10 or ...

In the Virtuoso Analog Design Environment window, choose Analyses —

Choose.

In the Choosing Analyses window, select the 4b button in the Analysis
field of the window and set the form as follows:
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Harmonic Balance Analysis

Transient-Aided Options

Run transient? Decide automatically B

Detect Steady State [ Stop Time(tstak)  aoto
save [nitial Transient Results (saveinit) ke no ke ves
Tones & Freqguencies o Mames
FHumher of Tones w1l 2 ®3 4
Tone1  Tone &  Tone 3
Fundamental Fregquency Ei .00l 5.0011c
Mumber of Harmonics auto 3 3
Cwversample Factor 1 1 1
Tone 1 be LO or sighal which causes the most nonlinearity.

Fregdivide Ratio for Tone 1 1

Harmonics | Default n

Accuracy Defaults (errpresefy

» conservative _ moderate _ liberal
Qscillator
SweR ~
3 J._n Freguency Yariahle? & no o yes
glafabla B Variable Mame prf

Select Design Yariable

Sweep Range

> . S
RN Stat  -50 Stop
— Center-Span

Sweep Type

2 Linear  otep Size 10
 Logarithmic & Mumber of Steps

Add Specific Points
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Action 10-9: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like this.

bt Virtuoso® Analog Design Environment (5) - RFworkshop mixer_testbench schematic =B *
Session  Setup Analyses  Yariables OCutputs  Simulation  Besults Tools Help CEdE‘I’I ce
L Status: Ready T=27 C  Simulator: spectre State: Lah10_IP3_hb3
Desigh Variables Snalyses
_ Mame | Walue | _ Type |Enahble | Arguments | L l?
1 prf -0 B lne ¥ FLO RF1RFEZ G 3 3-50-1010 M & A
2 fif 2.001G = -
3 pacmag 1 T
4 pacm -al == E
= i i |
5 plo 15 b A
B 0 e s Outputs |i..g..
MamesSignal/Expr [Walue |Flot |Save | Save Opfions | B

=]

X
e
9

r - | =,
I 7 ;s
H il B

r . By
ol il d Plotting maode:  |[Replace n

>

14| Load State

Action 10-10: In the Virtuoso Analog Design Environment window, choose
Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

After the simulations finish, plot the IP3 and compare it with the results
from Lab 9 (hb plus hbac simulations).

Action 10-11: In the Virtuoso Analog Design Environment window, choose Results —
Direct Plot — Main Form.

Action 10-12: In the Direct Plot Form, select the 2b_mt button, and configure the form as
follows:
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September 2012

-

bt Direct Plot Form
Plotting Mode  |&ppend
~analysis
& hb_mt
~ Function
W Woltage s Current
' Power o Woltage Gain
s Current Gain s Power Gain

W Poweer

W Poweer

W Comp.

Contours
Added Eff.
We Pout

i Transconductance

' Compression Foint &

S

S

S

Transimpedance

IPM Curves

Feflection Contours
Fower Gain ¥s Pout

Mode Comples lmp.

Select |Port ( fixed Rpart )

Circuit Input Power

“prf™ ranges from -50 1o -10

s Single Point

& ariahle Sweep

Input Poveer Extrapolation Point (dBm)
(Defaults to -50)

L Input Referred IP3

Crder \ard n

("prr)

Freq. (Hz) FLO FF1 FFE2
i i i i
3rd 100E i -1 1 9
Ol 200E i -2 2
rer 00K, 0 -3 3
Harmonic an0E -1 3 -0
00k
a00E -1 3 -2
15t 00k -1 2 -1
: =
Crder -
Harmonic 1. oM -1 -1 o
1.3 -1 -2 3

Add To Outputs —

= select Part on schematic...

mL Cancel'j[ Help )
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Action 10-13: Select output Port 3 on schematic. The IP3 calculation results looks like
this.

-100.0

=rd Crrder freq = Q00K

1stOrder freqg=1.1M

Action 10-14: After viewing the waveforms, click Cancel in the Direct Plot Form.
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Lab 11: Rapid IP3 (hbac)

Rapid Ip2/Ip3 based on perturbation technology extends both shooting and flexible
balance. Rapid IM (IP2, IP3) calculations are an order of magnitude faster than using
flexible balance or shooting alone.

Action 11-1:

Action 11-2:

Action 11-3:

Action 11-4:

Action 11-5:

Action 11-6:

Action 11-7:

Action 11-8:

Action 11-9:

If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

From the Mixer_testbench schematic, choose Launch — ADE L.
The Virtuoso Analog Design Environment window appears.

Select the PORTO source. Use the Edit — Properties — Objects
command to ensure that the port properties are set as described below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type dc

PAC magnitude (dBm) pacm

Click OK on the Edit Object Properties window to close it.
Check and save the schematic.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab11_Rapid_IP3_hbac” and skip to Action 11-
11or...

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

In the Choosing Analyses window, select the 4b button in the Analysis
field of the window and set the form as shown in Action 2-6.

In the Choosing Analyses window, select the hbac button in the Analysis
field of the window. Choose Rapid IP3 as Specialized Analyses. Set the
Input Sources 1 to /PORTO by selecting PORTO on the schematic. Press
ESC to terminate the selection process.
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Set the Freq of source 1 to 5001M and Freq of Source 2 to 5001.1M. Set
the Frequency of IM Output Signal as 0.9M and the Frequency of Linear
Output Signal as 1.1M. The form looks like this.

* | Choosing Analyses - Virtuoso® Analog Design Environn | *

Analysis ‘s tran wido  ac s hoise
wonf W 5Bns o odomatch o sth
Pz i oEp woenvlp i ss
‘e pac o psth opnoise o psf
W pEp o Opss oo gpac i\ gpnoise
s et W fgpsp o hb & hbac
s hbnoise

Harmonic Balance AC Analysis

Specialized Analyses
\Rapid IP3 - |

Source Type @& port o isoUrce o wSOUFCE

| Select | [ Clear |

Input Sources 1 fPORTO Freq 5001

| Select | [ Clear |

Input Sources 2 fPORTO Freg 001. 1M
Input Poveer (dBm) W Fower 2 K]

Freguency of I Output Signal Doom

Freguency of Linear Qutput Signal 1

kdamimum Mon-linear Harmaonics

Output & Voltage o . /IFp [ Select
s Current —_—
Out- /IFn '\Mf’
Enabled Ciptions...

m L Cancel J| Defaults || Spply ) Help

Action 11-10: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.
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The Virtuoso Analog Design Environment window looks like this.

il Virtuoso® Analog Design Environment (1) - RFworkshop mixer_testbench schem: =[O X

Launch Sesszion Setup Analyses Variables OQutputs  Simulation Besults Tools Help cﬁde“(e
U@ e b6 dE
fnalyses i >
Design Yariables b4 > Eac
_Type . _ Arguments. o
_ MName | Value ;i
L -30 5 hbac o @
2 frfl 5.001G - = a
Epacmag 1 [t:»
4 pacm L 8¢
5 plo 15
g flo 5G ﬁ
[ Outputs 78 x| @)
Mame/ZignalBxpr | Value| Plot| Save| Save Options |
> Results in ...u/rfworkshop/simulation/mix || Plot after simulation: | Auto n Plotling mode: Replace n
nmouse L: I R:
2(3) | Main Farm ... | Status: Ready | T=27 C | Simulator spectre | State: Lab11_Rapid_IP3_hbac J

Action 11-11: In the Virtuoso Analog Design Environment window, choose
Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

As the simulation progresses, messages similar to the following appear in
the simulation output log window:
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+ | [gridjcic/nsdpe-4/data/zhigiang/rfworkshop711_hb_oa/rfworkshop/simulation/mix | = /|8 || *

File Help cadence

EE —

IP3 measurement ~hbac!
*EEEEEEEEEEE LIS
Input EF1 fregq = 5.001 GH=z
Input RFZ fregq = 5.0011 GH=
Qutput IM1 fregq = 1.1 MH=
Dutput IM3 freg = 900 kH=z

Linear output:
f out = £ in 2 - 1 * fundamental

IM3 output:
f M3 = 2+ f in 1 - £ in 2 - 1 * fundamental
Total time required for hbac analysis "hbac': CPU = 120 ms, elapsed = 160. 732 ms.

[-] [~
12

.,

Action 11-12: In the Direct Plot form select the hbac button, and choose Rapid IP3. The
form looks like this.

- '\
hat Direct Plot Form *
Flotting Mode  |Append

Analysis

' hb & hbac
Function

W Woltage o Woltage Gain
s Current & Rapid IP3
s PN Curves

Resistance (Default is 500

Add To Outputs | — Flot

= Fress plot button an this form...

&L concel ) Help

Action 11-13: Click Plot.

The calculated IP3 appears in the waveform window:
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-loono

Action 11-14: Close the waveform window and click Cancel on the Direct Plot Form.
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Lab 12: Compression Distortion Summary (hbac)

Action 12-1:

Action 12-2:

Action 12-3:

Action 12-4:

Action 12-5:

Action 12-6:

Action 12-7:

Action 12-8:

Action 12-9:

If it is not already open, open the schematic view of the mixer_testbench
design in the library RFworkshop.

Select PORTO. Use the Edit — Properties — Objects command to
ensure that the port properties are set as described below:

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type dc

PAC Magnitude (dBm) pacm

Click OK on the Edit Object Properties window to close it.
Check and save the schematic.
From the Mixer_testbench schematic, choose Launch — ADE L.

The Virtuoso Analog Design Environment window appears.
You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab12_CompDistorSmry_hbac” and skip to
Action 12-11 or ...

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

In the Choosing Analyses window, select the zb button in the Analysis
field of the window and set the form as shown in Action 2-6.

In the Choosing Analyses window, select the ibac button in the Analysis
field of the window and set the form as follows:
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* | Choosing Analyses — Virtuoso® Analog Design Environn | *

Analysis ‘s tran wido  ac s hoise
wonf W 5Bns o odomatch o sth
Pz i oEp woenvlp i ss
‘e pac o psth opnoise o psf
W pEp o Opss oo gpac i\ gpnoise
s et W fgpsp o hb & hbac
s hbnoise

Harmonic Balance AC Analysis
Specialized Analyses

|Compression Distartion Summary B

Cantributar Instances | Select | | Clear )

FI18/M5 /TI19/M4 /FT19/M6

Freguency of Input Source E001M

Freguency of Linear Qutput Signal 1M

kdamimum Mon-linear Harmaonics

Clutput \!-f l"."":'ltage Out+ _-"rIFP SE'ECt
W Current —_—
Out- FIFn Select
Enabled Ciptions...

—
m\_Cancel_ﬂ_Defaults_“_.ﬁ.pply_“_Help_/J

In the above form, the Maximum Non-linear Harmonics is not specified,
so the default value 4 is used.

Action 12-10: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like this.
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il Virtuoso® Analog Design Environment (1) - RFworkshop mixer_testbench schem: =[O X

Launch Sesszion Setup Analyses Variables OQutputs  Simulation Besults Tools Help cﬁde“(e
. — et T L % g,
I @2l ez b= O @B
fnalyses TIFIX] =—
Design Yariables b4 0ua Eac
— Smments, | S
- Mame | “alue | " (5G) 5
" o s
2 il 5.0010G . o
Epacmag 1 K:”
%pacm L 8¢
5 plo 13
g Mo 5G (%
i Outputs 28X Q)
MamelSignalExpr | Value| Plot| Save| Save Options | |_
> Results in ..u/rfworkshop/simulation/mix || Plot after simulation: | Aut n Plotling mode: Replace n
 limouse L: I+1: . R—
203 | Metlist and Run | Status: Ready | =Z7E | Simulatar: spectre | State: Lab1z_CompDisorSmry_hbac []

Action 12-11: In the Virtuoso Analog Design Environment, choose Simulation —
Netlist and Run or click the Netlist and Run icon to start the simulation.

As the simulation progresses, messages similar to the following appear in
the simulation output log window:

[+ {gridjcic/nsdpe-4/datajzhiqiang/rfworkshop711_hb_oa/rfworkshop/simulation/mixe = O] *

Eile Help cadence

E ]

Compression Distortion summary ~hbac'
FErEdEFEEEErEEEE LA E LA LR AL LS
Input freg = 5.001000e+09 H=
Output freg = 1.000000e+06 H=

f out = £ in - 1 * fundamental

Calculating non-linearity from all non-linear dewices
Calculating non-linearity from I19. MG

Calculating non-linearity from I19. ME

Calculating non-linearity from I19. M4

Total time required for hbac analysizs “hbac': CPU = 100 ms, elapsed = 169 729 ms. |-

[l - ’
9|

.,
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Action 12-12: After the simulation completes, go to the Virtuoso Analog Design
Environment window and choose Results — Print — HBA C Distortion
Summary.

The Results Display Window appears:

HEAC Compression Distortion Summary
Eesults in hbac_distortion
Nonlinear Mag at lst Znd & 3rd harm of linear freg (W)
Instance Distortion (dE) freg=1e+06 freg=Ee+06 freg=3e+06
Total -1.5031Em 845 416n 19.9714n 19, 3822p
I19. Me -1, 2483 Tm 637.571n 10. 24660 5.488%93p
I19. M5 -139. 588u 111. 6d4dn 5. 093200 T.9658p
I19. m4d 139 588u 111. 644n L. 09320n T.9658p

Action 12-13: After viewing the results, close it by choosing Window — Close.

September 2012 102 Product Version 12.1



Mixer Design Using SpectreRF

Lab 13: Rapid IP2 (hbac)

Action 13-1:

Action 13-2:

Action 13-3:

Action 13-4:

If it is not already open, open the schematic view of the mixer_testbench
design in the library Rfworkshop.

Use the mouse to select the PORTO source. Then in the Virtuoso
Schematic Editor select Edit — Properties — Objects.

The Edit Object Properties window for the port cell appears. Set the
Source type to dc.

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source type dc

Click OK on the Edit Object Properties window to close it.

Use the mouse to select the mixer cell. Then in the Virtuoso Schematic
Editor select Edit — Hierarchy — Descend Edit..., click OK on the
Descend window, and change the Resistance parameter of the R2 instance
from 1K to 950. Check and save the schematic.
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b Edit Object Properties *
&pply To {only current B [instance B
Show _ system o user » CDF

Erovese Reset Instance Labels Display
b= - e -

[=]
=

Property Yalue Display
Library Mame gpdk446 off n
Cell Mame polyres off n
Yiew Mame symbol off n

LI -

Instance Mame ERZ

A Delete A Cdify
o o AT

CDF Parameter Walue Display
Resistance 950 Ohms off B
wr (M) G000 M off n
| (hy 7.6u M off n
Rho eh off n
Area (W2 5. 0de-11 off n
Perim (M) 0.00018 off n

1
e
]

m _Sancel JI Apply J| Defaults J| Previous || Mext |

i\

k-

The IP2 of a double balanced /symmetric mixer will tend towards infinity if the device
mismatch in the commutating mixer core is not included. Mismatch is typically the
primary mechanism by which the IM2 products appear in the baseband mixer output.
Another possible source can be the RF-LO leakage. In this lab, we manually introduced a
mismatch in the mixer load circuitry. In practice, the user should run monte carlo
simulation to get IP2 value or derive the device matching information from the
process/technology documentation.

Action 13-5: From the Mixer_testbench schematic, choose Launch — ADE L.
The Virtuoso Analog Design Environment window appears.
Action 13-6:  You can choose Session — Load State, select Cellview in Load State

Option and load state “Lab13_Rapid_IP2_hbac” and skip to Action 13-
12or...
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Action 13-7: In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

Action 13-8: In the Choosing Analyses window, select the 4b button in the Analysis
field of the window and set the form as shown in Action 2-6.

Action 13-9: Make sure the Enabled button is on. In the Choosing Analyses window,
click Apply.

Action 13-10: In the Choosing Analyses window, select the hbac button in the Analysis
field of the window. In the Specialized Analyses field, choose Rapid IP2.
Set Input Sources 1 to /PORTO by selecting PORTO on the schematic.
Press the ESC key to terminate the selection process.
Set the Freq of source 1 to 5001M and Freq of Source 2 to 5001.1M. Set
the Frequency of IM Output Signal as 0.1M and the Frequency of Linear
Output Signal as 1.1M. The form looks like this.
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* | Choosing Analyses - Virtuoso® Analog Design Environn | *

Analysis ‘s tran wido  ac s hoise
wonf W 5Bns o odomatch o sth
Pz i oEp woenvlp i ss
‘e pac o psth opnoise o psf
W pEp o Opss oo gpac i\ gpnoise
s et W fgpsp o hb & hbac
s hbnoise

Harmonic Balance AC Analysis

Specialized Analyses
\Rapid IP2 - |

Source Type @& port o isoUrce o wSOUFCE

| Select | [ Clear |

Input Sources 1 fPORTO Freq 5001

| Select | [ Clear |

Input Sources 2 fPORTO Freg 001. 1M
Input Poveer (dBm) 80 Power 2 3

Freguency of I Output Signal 0

Freguency of Linear Qutput Signal 1

kdamimum Mon-linear Harmaonics

Clutput \!-f l"."":'ltage Out+ _-"rIFP | SE'ECt |
W Current —_—
Out- /IFn '\Mf’
Enabled Ciptions...

e
@I cancel ) Defaults J(_Apply J(_Help )

Action 13-11: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like this.
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- Virtuoso ® Analog Design Environment (2) - REworkshop mixer_testbench schem - =03

Launch Session Setup  Analyses Mariables Outputs  Simulation  Besults Tools Help (5 dence
IB&liE7 l8s e dD
Anal AIX] =—
Design Variables Lish iy e Eac
. Type |Enable| Arguments | s
_ Mame | Value | [} ho ¥ (5G)5
- o s
2 Tl 52.0010G -
Epacmag 1 l;*
4 pacm -50 ¢
= nlo 15
g flo 5G ﬁ
[ Outputs g,ﬁ'éL@
MamesSignal/Expr | Malue| Plat| Save| Save Opfions |

> Results in ... 1/mworkshopssimulatiansmi<| | P10t after simulation: | Auta n Flotting mode: Replace n ) |

limouse L: fdl: R
3(23) | Load State .. | Status: Ready | T=27 C | Simulator: spectre | State: Lab13_Rapid_IP2_hbac Q

Action 13-12: In the Virtuoso Analog Design Environment window, choose
Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

As the simulation progresses, messages similar to the following appear in
the simulation output log window:

[+ [grid/cic/nsdpe-4/data/zhigiang/rfworkshop711_hb_oa/rfworkshop/simulation/mix | = |8 || *

File Help cadence

EE

IPE measurement ~hbac!

EE
Input EF1 freg = 5.001 GH=z
Input RFZ fregq = 5.0011 GH=
Output IM1 fregq = 1.1 MH=
Dutput IMZ freg = 100 kH=z

Linear output:
f out = £ in 2 - 1 * fundamental

IMZ ocutput:
f IM2 = -f in 1 + £ in 2 + 0 * fundamental _
Total time required for hbac analysis "hbac': CPU = 30 ms, elapsed = 143 069 ms.
[ [

d

L
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Action 13-13: In the Virtuoso Analog Design Environment window, choose Results —

Direct Plot

— Main Form.

Action 13-14: In the Direct Plot Form, select the Abac button in analysis field and choose
Rapid IP2 in the Function field.

-

A

To Qutputs |—

Direct Plot Form

Flotting kode  |Append
Analysis
' hb & hbac
Function
W Woltage o Woltage Gain
s Current & Rapid IP2

W PR Curves

Resistance (Default is 500

Flot
e/

.,

= Fress plot button an this form...

Help

Action 13-15: Click Plot.
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Action 13-16: Close the waveforms window and click Cancel in the Direct Plot Form.

Action 13-16: Use the mouse to select the mixer cell. Then in the Virtuoso Schematic
Editor select Edit — Hierarchy — Descend Edit..., click OK on the
Descend window, and change the Resistance parameter of the R2 instance
from 950 to 1K. Check and save the schematic.
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Lab 14: IM2 Distortion Summary (hbac)

Action 14-1:

Action 14-2:

Action 14-3:

Action 14-4:

Action 14-5:

Action 14-6:

Action 14-7:

Action 14-8:

If it is not already open, open the schematic view of the mixer_testbench
design in the library Rfworkshop.

Make sure the Source type of PORTO is dc.

Parameter Value
Resistance 50 ohm
Port Number 1

DC voltage 500 mV
Source Type dc

Check and save the schematic.
From the Mixer_testbench schematic, choose Launch — ADE L.
The Virtuoso Analog Design Environment window appears.

You can choose Session — Load State, select Cellview in Load State
Option and load state “Lab14_IM2DistorSmary_hbac” and skip to
Action 14-10or ...

In the Virtuoso Analog Design Environment window, choose Analyses —
Choose.

In the Choosing Analyses window, select the zb button in the Analysis
field of the window and set the form as you did in the Rapid P2
simulation.

In the Choosing Analyses window, select the hbac button in the Analysis
field of the window. In the Specialized Analyses field, choose IM2
Distortion Summary. Set Input Sources 1 to /PORTO by selecting PORTO
on the schematic. Press the ESC key to terminate the selection process. Set
the Freq of source 1 to 5001M and Freq of Source 2 to 5001.1M. Set the
Frequency of IM Output Signal as 0.1M. The form looks like this.
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* | Choosing Analyses - Virtuoso® Analog Design Environn | *

Analysis ‘s tran wido  ac s hoise
wonf W 5Bns o odomatch o sth
Pz i oEp woenvlp i ss
‘e pac o psth opnoise o psf
W pEp o Opss oo gpac i\ gpnoise
s et W fgpsp o hb & hbac
s hbnoise

Harmonic Balance AC Analysis
Specialized Analyses

|IM2 Distartion Summary B

Source Type @& port o isoUrce o wSOUFCE

| Select | [ Clear |

Input Sources 1 fPORTO Freq 5001

| Select | [ Clear |

Input Sources 2 fPORTO Freg 001. 1M
Input Poveer (dBm) -30
Freguency of I Output Signal 0.1M

kdamimum Mon-linear Harmaonics

Clutput \!-f l"."":'ltage Out+ _-"rIFP | SE'ECt |
W Current —_—
Out- /IFn '\Mf’
Enabled Ciptions...

e
@I cancel ) Defaults J(_Apply J(_Help )

Action 14-9: Make sure the Enabled button is on. In the Choosing Analyses window,
click OK.

The Virtuoso Analog Design Environment window looks like this.
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[ virtuoso® Analog Design Environment (2) - RFworkshop mixer_testbench schem 2| B[

Launch Session Setup  Analyses Yariahles Outputs  Simulation  Results Tools Help cadence
It &l ek 8 de
71Elx] —
Design Wariables il i a8 Y
_ Type |Enable| rquments bt
_ Mame | alue I
L ok 3 hbac ) @
 rfl 2.001G = — 3
Epacmag 1 Ii::h'
Epac:m -50 b4
5 plo 15
g flo 5G o
I Outputs EES)

Mame/Signal/Expr | Yalug| Plot | Save| Save Options |

WV

> Results in ... 1/fworkshopssimulationsmix| P10t after simulation: |Auto ﬂ Flatting mode: Replace ﬂ A

nmouse L: I ' FR:

3(23) | Load State ... | Status: Ready | T=27 | Simulator: spectre | State: Lab14_IMzDistarsmry_hbac ;I

Action 14-10: In the Virtuoso Analog Design Environment window, choose

Simulation — Netlist and Run or click the Netlist and Run icon to start
the simulation.

As the simulation progresses, messages similar to the following appear in
the simulation output log window:

[+ [gridjcic/nsdpe-4/data/zhigiang/rfworkshop711_hb_oa/rfworkshop/simulation/mixe |= |8 [ *

File Help cadence

ek b
IM2 distortion summary measurement " hhbac'
ek b
Input FF1 fregq = 5.001 GH=

Input FFZ fregq = 5. 0011 GH=z

Dutput IMZ freq = 100 kHz

f IMZ = -f in 1 + £ in 2 + 0 # fundamental
Calculating non-linearity from IZ1
Calculating non-linearity from I19. M5
Calculating non-linearity from I19. MG
Calculating non-linearity from I19. M4 N
Total time required for hbac analysis "hbac': CPU = 130 ms, elapsed = 408,104 ms. .

] -
5|

L
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Action 14-11: In the Virtuoso Analog Design Environment window, choose Results —
Print — HBAC Distortion Summary.

The Results Display Window shows the PAC IM2 Distortion Summary.

HEAC IMZ Distortion Summacy

Results in hbac_imSdistortion

Instance Distortion(¥) [Magnitude Complex]

Total 21 TEZEp complex(21. TEQ5p, 344 067f)
FI18/M5 386, 28Eu complex(-386. 2Tu, -3, 464100}
FI19/m4 J8E. 2860 complex(386. 2Tu, 3. 464100
FI19/M6 LT T07Ep complex (5T, T038p, B50.691F)
FI21 50.1114=a complex(50. 0249z, -2 94262a)

The distortion is listed in dB for each instance. Due to the very low RF
input power, the distortion is very small.

Action 14-12: After viewing the distortion summary report, close it by choosing
Window — Close.
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Conclusion

This workshop illustrates how to use SpectreRF to simulate a mixer and to extract design
parameters such as IP3, 1dB compression point, or port-to-port isolation. Various
techniques using hb, hbac, hbnoise, hbsp, PSS, Pnoise, PAC, and QPSS analyses are
demonstrated. SpectreRF Flexible Balance and Time domain algorithms are
demonstrated and their accuracies are compared.
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