=) Topic 5:

S-parameter Simulation
and Optimization




S-parameters are Ratios

Usually given in dB as 20 log of the voltage ratios of the
waves at the ports: incident, reflected, or transmitted.

S-parameter (ratios): out/in

» S11 - Forward Reflection (input match - impedance) Best viewed on a
- S22 - Reverse Reflection (output match - impedance) | SMith chart

« S21 - Forward Transmission (gain or loss) }

o . _ These are easier
* 312 - Reverse Transmission (leakage or isolation)

to understand and
simply plotted.

Results of an S-Parameter Simulation in ADS

« S-matrix with all complex values at each frequency point
Read the complex reflection coefficient (Gamma)
Change the marker readout for Zo

Smith chart plots for impedance matching

Results are similar to Network Analyzer measurements

Next, ADS data EED)>
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Typical S-parameter data in ADS

Transmission: S21 Reflection: S11
magnitude vs frequency Impedance on a Smith Chart
22
21
§ 20—-
S B
T " |freq=1.900GH: = m3
o] [0B(5(2,1))=20.422 = \ ¥ }
1?-'"'I""I'"'I""I""I""I""I"" s
00 05 10 15 2D 25 30 35 40 I’SF(EE?;_%D%ESQ?ZS c31
freq, GHz impedance = 549 480 - j221.017

\____,/

. . . freq (100.0MHz to 4.000GHz)
Complete S-matrix with port impedance

. 5 . PortZ
= S(1.1) 5(1.2) S(2.1) S5(2.2) e PortZ(1) __ PorZ(2)

TO00M.. | 08/97.. 24992E-.. 12036/ 0894/ | 1000M.. | 500007 50.0007.. . :

BRI IR MR MR WA BB S lote: Smith marker
4000M | | 00877/ 255BE-. 10018/ 0834/ | 4000M. | 50000/ 35000/ impedance readout is
5000M.. | 0877/.. 4007E-.. 9982/.. 0893/.. |5000M. |50.000/. 35.0001.. h dto Z 50 oh
BOOOM.. | 0878/.. 5818E-.. 9.839/.. 0831/. |B00OM. |50.000/. 35.000/. =

700.0M.. | 0875/.. 8013E-.. 9.888/.. 0890/.. | 700.0M.. | 50.000/. 35.000/.. ALELLSe 1) A ellnnt:

Smith chart basics... |:>
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The Impedance Smith Chart simplified...

This is an impedance chart transformed from rectangular Z.
Normalized to 50 ohms, the center = R50+J0 or Zo (perfect match).
For S11 or S22 (two-port), you get the complex impedance.

;I;]O g Ic_;lt?\:]ie: Circles of constant
N : Resistance
Reactance (+jx) /
SHORT/ 67 & 150 JoPEN
25 Bottom Half:
50 100 Capacitive
Lines of constant Reactance (-jx)
Reactance (+jx above
and -jx below) Zo (characteristic impedance) = 50 + jO

More Smith chart... |:>

ADS 2009 (version 1.0)
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The Smith chart in ADS Data Display

Impedance: Z Z=0+1 Reflection Coefficient: gamma
Z= real / imaginary S(1,1): mag / phase
0 to +infinity / -infinity to + infinity Oto1 / Oto+/-180

- _ Z=infinity + j infinity
Z=0+0 or$11=1/0

or S11=1/180

) ADS marker
Z=1+j0 _
orZ=11/0 defaults to:

S(1,1) = 0.8/ -65
Z0 * (0.35 - j1.5)

Z=0-j2 ... but can be
changed to give

Z=0-j1 Z in ohms.

S-parameter controller... |:>

ADS 2009 (version 1.0)
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S-Parameter Simulation Controller

P Ti:aﬁon-s_%ra: DefaUIt Sweep = Scattering-Parameter Si... @@
gr— A‘ Variable — freq ’SS_:fram Instance Name
EEN ~
— 2 Frequency arameters | Noise | Output = »
The simulator requires a
port termination Num =
Frequency
3| S-PARAMETERS |
(@ start/Stop (O Center/Span
Start 100 Mz v
S—Taram Stop 4 oz v
g:;rt-100 MHz E;% J' LE 2 Stepsize | 100 |MHz v
Stop=4 GHz 7550 Onm % et [
Step=1 00 MHZ __‘L [] use sweep plan
= 7
Sweep plan can also be used (see next /
slide). Either way, simulation data results in |
an S matrix in the data set for the specified o 1 ey [ [
range and points.

Next, other tabs |:>

ADS 2009 (version 1.0)
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Parameters and Noise tabs

Parameters

S_Param Instance Name

E3!

Frequency K Parameters ’Noise Output L4

/

Calculate
S-parameters
[] Y-parameters

[] Enforce Passivity

[[] z-parameters
[] Group delay

Group delay aperture _
Frequency Conversion

Enable AC frequency conversion:

k S-parameter freq. conv. port

Levels

Status level

Device operating point level

(%) None O Brief O Detailed

ADS 2009 (version 1.0)
Copyright Agilent Technologies 2009

Calculate other

Noise
S_Param Instance Name
sP1 |
Frequency Parameters( Noise D Qutput L4

. parameters.

Enable Frequency
Conversion for ADS
system mixer only.

/

Dynamic range:
Leave blank and

get all values. \
N

Calculate noise

X

Turn on for SS noise.
If more than 2 ports, specify port
numbers for 2 port NF. If not,
leave blank. l

Noise input port ’ ‘

Noise output port ’ }

Noise contributors

Mode [Of‘f v}
Dynamic range to display I:] dB
Bandwidth [1.0 HHZ VI

Agilent Technologies

Next, Sweep Plan... |:>
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Sweep Plan with S-parameter simulations

Sweep Plan is for sweeping FREQ.
Otherwise, use a Parameter Sweep

for variables (Vcc, pwr, etc.)

| @ ‘ S-PARAMETERS I

S_Param

SP1

SweepPlan="SwpPlan1" These are

Start=100 MHz i i

Eo iy ignored if
Sweep plan

Step=100 MHz

SVWEEP PLAN

SweepPlan
swpPlani
Pt=100MHz

is selected!

= Sweep Plan:3

Sweep Plan
SV\'eepPIan Instance Name ‘
SwpPlan1 ‘

Mixer designers: Here
is a plan for an RF, LO,
and IF.

Single point %

Parameter Linear
Pt=100 MHz , Sweep Type Log
Pt=1800 MHz
Pt=1900 MHz Start/Stop Center/Span
Parameter [100MHz  |[None v/
Stop l ‘ None ‘
Step-size None }
Num. of pts. [ |
[ add [ cut [ paste |
(®) Increasing Order (O Decreasing Order
[] Next Sweep Plan l ‘

Pt=1800MHz

SweepPlan

Pt=1900MHz
UseSweepPlan=
oweepPlan=
Reverse=no

ADS 2009 (version 1.0)
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You can also
have Sweeps
within Sweeps.

SwpPlan1
Start=100 MHz Stop=4 GHz Step=100 MHz Lin=
Start=1.8 GHz Stop=2.0 GHz Step=2 MHz Lin=

Agilent Technologies

Next, Measurement Equations ... |:>
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S-Parameter measurement equations

Paette _ _ B Example: 3 circles for 3
Simulation palettes have specific different values of gain.

meend)L 0 ] measurement equations - you set
the arguments. Here, S is the

matrix, 30 is the value in dB, and
mz2 J|_vin ] 51 points used to draw the circle.
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= Available Gain Circle:3

B
FjzE

GaCirde

= |
L
o)
L
|

Functi
Instance Name (name[<start:stop>]) chon]|Repezited]

NPwrl
|: § peerr | GaCircle 1=ga_circle(s, 30,51)
i%| l aCirt e1| ‘

Arguments explained SelectParameter

p— GaCircle1=ga_circle(S,30,51)
M4 @ P briefly here.

® 3 |
@ @ GaCircle

GaCircle Display parameter on schematic
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Add Cut Paste [ Component Options... ]

LT GaCircle1
w w @ @ GaC| rC|e 1 =ga_C| rCIe(S,SO ; 51 ) ‘Function : ga_dircle(2x2 S_matrix {,gain,num_of_pts,numCircles,StepSize})
MuPrim || Stabfct LStbGir || MapiC
[ OK ] [ Apply ] [ Cancel ] [ Reset ] [ Help ]
hod [ 0| | €D || D
] Map2C NsCir

You will use some of

these in the labs... Next, matching... I:>

ADS 2009 (version 1.0)
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S-Parameter measurement equations

e — T _ _ B Example: 3 circles for 3
sean2|  Simulation palettes have specific different values of gain.

measurement equations - you set
the arguments. Here, S is the

»2 ] matrix, 30 is the value in dB, and
M| 51 points used to draw the circle.
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=
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= Available Gain Circle:3

GaCircle
Instance Name (name[<start:stop>])
lGaCirde 1

Ar_guments explained B e T
briefly here.

MarGain @ @
GsCir Gl Gir %
PwrGain || VoltGain @ @ GaCircle
i LStbCir

GaCircle Display parameter on schematic

Function [Repeated]
‘ | GaCircle 1=ga_circle(s, 30,51)

YSWR GainRip @ @ GaCI I’Cle 1 Add Cut Paste [ Component Options. .. ]
w w MaplC Map2C GaCl rCIe 1 =ga_C| rCIe(S,SO ; 51 ) ‘Function : ga_circle(2x2 S_matrix {,gain,num_of_pts,numCircles,StepSize})
Mu MuPrim
@ [ OK ] [ Apply ] [ Cancel ] [ Reset ] [ Help ]
heo [[pend | Leoe |
Stabfot || stabs | You will use some of

these in the labs... Next, matching... I:>

ADS 2009 (version 1.0)
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Creating Matching Networks

* Various topologies can be used: L, C, R

* Avoid unwanted oscillations (L-C series/parallel)

* Yield can be a factor in topology (sensitivity)

» Use the fewest components (cost + efficient)

* Sweep or tune component values to see S-parameters
» Optimization: use to meet S-parameter specs (goals)

IK [ §§_ L™ NOTE: Fora mixer,

match S11 @ RF and
In the lab, you will S22 @ IF.
optimize the match for S

the amplifier.
Use the Smith chart for matching |:>

ADS 2009 (version 1.0)
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Matching means:

Moving toward the center of the Smith Chart!

Add Series or
Parallel (shunt)
components.

You will do this
In the lab.

Adjust the value to move
toward open, short,
L, C, or center of chart.

Next, Smith Chart Utility for matching networks... |:>

ADS 2009 (version 1.0)
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Smith Chart Utility for matching...

&= Smith Chart Utility
File Edit View Circles Help

DOegs DM b @ # X

Palette

= Freq (GHz) Z0 (Ohms)

* Insert the component in schematic.
‘ Normalize ii;jflzz: ¢ SeleCt TOOIS > Smlth Chart

@I@ [19 |[s0

Define Source/Load Network Terminations...

[
7.65222 nH !
Sk ¥
El .
an

1 » Set freq, source Z, load Z.
"] - Select components: L, C, R, etc.
 View response...build the circuit.

Start Freg: 0 Stop Freq: 2.0e8
: ['5mi i 10
: l Smith Chart Matching v[ Network Schematic
Palette )
j§
5%
DA_SmithChartMatch1_s_params P1 P2
DA_SmithChartMatch1 & Load :I:
Fp=1.9 GHz O Source L
Zg=(50+*50) Ohm o
[] Lock Load Impedance < >
Gamma: l 1.30125 < l44,0659 ] 72 0.84208 | +H 2.19860 Delete Selected Component [ Set Defaults... ]
VSWR: -7.63302 Y: -0.15192| 4 -0.39665| 20 l ‘ Value: ‘ Loss: |

Build ADS Circuit

Auto 2-Element Match

ADS 2009 (version 1.0)
Copyright Agilent Technologies 2009

Next, optimization... |:>
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ADS Optimization Basics

DEFINITION: Optimization is a simulation
that tries to achieve a performance goal.

= Start with a simulation that gives you results.

® Set up the optimization which includes:

¢ An optimizer type and search method.
¢ A specific goal or specification to be met.
¢ Enabled components or parameters to be adjusted.

NOTE: ADS has both continuous and discrete optimization. Yield
analysis or a yield optimization is also available.

ADS Optimization in schematic...|:>

ADS 2009 (version 1.0)
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Four elements for Optimization setup

| Optim/Stat/Yield/DOE .
Palette [ 1 = 0pt|m COﬂtI’O”er ‘ @ ‘ OPTIM I

48 I t the t t Optim

Optim -4\ Se € 1ype, elc. Optim1

] T \ OptimType=Random
Yield

2 | 4 2 - Goal statement: use valid

Ydopt MC .

@U = measurement equation | GOAL I
l boe_ || 122 or dataset expression. Goal

poven OptimGoali
‘ cont P% Expr="dB(S(1,1))"
SimInstanceName="SP1"

i Min=

= 3 - Enable component {o} Max=-10.5

stat 1 1 H

Options I fOI" Optlml atlon.

s 4 - Simulation [§%| s-PARAMETERS I

== R=100 kOhm {0} Controller

I SP1

Types of ADS
optimization... :>

R1
R=100 kOhm opl{ discrete 80 kOhm to 100 kOhm by 10 kOhm &

ADS 2009 (version 1.0)
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ADS Optimization Types Available

I:> = Most commonly used types.

Optimizer Search Method Error Function Formulation
Random random least-squares L2

gl Gradient gradient least-squares L2
Random Minimax random minimaxL1 MML1
Gradient Minimax gradient minimaxL1 MML1
Quasi-Newton quasi-Newton least-squares L2
Least Pth quasi-Newton least P-th seqLP
Minimax mini-max mini-max MM
Random Max random worst case neglL2

—{ Hybrid random/gNetwon least _squares L2
Discrete discrete least-squares L2

=)| Genetic : genetic least-squares L2
Simulated Annealing SA least-squares L2

- Hybrid is a Recommendations: NOTE: Sensitivity analysis is
combination of available in the optimization
Random and * Use Random before using Gradient. controller.
Gradient. . 'I}'Aljrr:?s:fcl)isazﬁngotrhf(!tgz)sti.mizer. Error Function... |:>

ADS 2009 (version 1.0)
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Error Function Formulation ...

o Optimizers Error Function Formulation
Optimizer Type determines Random Optimizer,
. Gradient Optimizer,
the Error Form' Quasi-Newton Optimizer,
Hybrid Optimizer, Least-Squares EF

Discrete Optimizer,

Genetic Optimizer,
| @ ‘ OPTIM I Simulated Annealing Optimizer

. Minimax Optimizer Minimax EF
optim Rand Mini . Optimizer
S v PUTIZE" s L1
OptimType=Random - ax op
ErrorForm=L2 Least Pth Optimizer Least Pth EF
Random Max Optimizer Negated Least-Squares EF

Least Squares: Each residual is squared and all terms are then summed. The sum of the squares is
averaged over frequency. Negated Least-Squares: drives values to their extreme — effectively
maximizes the error function. The goal is to find a worst typical response for a given set of parameters.

Minimax: attempts to minimize the largest of the residuals. This tends to result in equal
ripple responses . Minimax L1: is similar but cannot be less than zero, so it accounts for
the most severely violated cases.

Least Pth: The Least Pth EF formulation is similar to L2, except that instead of squaring the residuals, it
raises them to the Pth power with P=2 , 4 6 etc.

Next, how the EF works with your goals... |:>

ADS 2009 (version 1.0)
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Goals and Error Function

=» The goals are minimum or maximum target values.
= The error function is based on the goal(s).
= The weighting factor prioritizes multiple goals.

Error function is defined as a summation of residuals.

A residual r; may be defined as:
Next, search method

examples... |:>
— [ = Wi‘mi'Si‘
Si is the simulated ith response (example: S21= 9.5dB)

M is the desired response for the ith measurement (example: S21=10dB)
Wi is the weighting factor for multiple goals: higher number is greater.

NOTE: You can set all goals to be equally weighted.
Simulations continue until the maximum iterations is reached or the error
function (summation of the residuals) reaches zero (same as 10 dB).

ADS 2009 (version 1.0)
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Search Method examples

Gradient analysis may get stuck in a local

Random analysis often gets you close < : _
minimum (not optimal error function).

to the goal (minimum error function).

Error function

Parameter value

o
»

Using both RANDOM and GRADIENT

NOTE: Random is not can reach the desired goal or, in some

totally random. It uses an cases, a hybrid type such as Genetic.

adaptation that helps it Hvbrid
move closer to the goal. S Next, the
For more details, refer to setup...

Help (on-line manuals). :>

ADS 2009 (version 1.0)
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Optimization Controller setup \@‘

Parameters tab: type,

Setup tab: Select type and set iterations. - .
OFTIM . iterations, etc. All are
Default setting use all Goals and VARs or disol d, by default
Optim select specific ones in OptVar tab. ISpiayed by detault.
Opt!m1 # Nominal Optimization:5 ? Display
OptlmTYpe_Rand 0 m Optim Instance Name Output Data
ErrorFOfm:Q P Analysis outputs
Maxlters=125 ) et | Porameters | Oeplay P —
p:2 [] optimization variables
DESII'ECIE I'I'O FDD > Optimization Type Random vl D S
St at U S Leve |=4 Optimization Go; Variable Setup Ouput et control
| jo=" n 7( \ = . ave da r iteration(s):
Flna'Ar!alYS|S— 8P1 opteed &VLI* { 'C_matd'l_ln.C' r;} Upddattae:sptlay :uri:g)opmizatj :
MormalizeGoals=no  _J [ use Al Goals nDesign "C_match_in.C"
SetBestValues=yes e R - C_match_out.C e |
¥ L_match_in.L
Seed= fpides _match_out." e :
S ave 8 0 | ns=no it - B Final Analysis
“OptimGoal2” v
SaveGoals=yes [omeeaz 5 ” [sp1 v]
saveOptimyars=no Other
UpdateDataset=yes Final Analysis: Seed
| — . Starting Norm Order (P) 2
SaveNominal=yes =] =~ | SP1SiminstanceName | “""°“®
SaveAlllterations=no i : ’“ e =
Number Of Shoots Per Iteration 20
U 3 eAI I Optva rs= y es Bl Desired Error 00—
U S eAI I G 0a I s= :'," es Plntbegofiterations 2 [] Normalize goals automatically
S ave C urre nt E F: no / Set best values for parent optimization
Normalizes
B . [ OK ] [ Apply ] [ Cancel ] [ Help ] . '
Avoid saving unwanted data. multiple goals! :

ADS 2009 (version 1.0)
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Enabling components for Opt or Stats (yield)

OPT: Enable and specify continuous or discrete (stepped) variation.

TR Tuning | Optimizaton | Statistcs ~ » Tuning | Optimization | Statistics | ¢ »
R1 ’ ) O , : ‘
§ R=100 kOhm Optimization Status |Enabled % Statistics Status Enabled v
\ Type [Discrete % v Type :Gaussian Uniform
Format min/max/step } = | +/- Std. % Discrete
A . ‘ | Discrete or — StV % |\ oghormal
100 |kohm v Minimum Value Continuous Std. Dev %
[ Equation Editor... ] i80 [kohm ¥ - o . ‘
[ Tune/Opt/Stat/DOE Setup... Manxi val » . . - ‘
'»% S e | | Gaussian: varies up to +/- 4
[120 | [kotm_|] sigma. Entera % ora
. Step Val number for 1 sigma.
NOTE: You can , T" - ﬂlv | J
. 0 kOhm
| fil ' . —
aiso use e based o . PPT is an optimization within a
values with a DAC. L PostProduction Tuing < Yield Analysis only. Allows value to
R r 1 1 | be shifted to achieve goal.
R1 / OK Cancel HE'D l dk ] [ cancel J l Heip J

R=100 kOhm {0}

Use: Options > Preferences > Component Text tab to set
— the display to show full opt range instead of {o}. Also,
noopt or {-o} = disabled after the optimization.

R=96.527 kOhm noopt{ discrete 80 kOhm to 100 kOhm by 10 kOhm }

Discrete lib
parts...

NOTE: DOE is an advanced topic (statistical yield analysis).

ADS 2009 (version 1.0)
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ADS Discrete Optimization for Library Parts

Inserted library part with listed range of values (like a DAC)

= AVX CR Series, 05 Case, J Tolerance, 145 P... [2|X]

Parameter Entry Mode
sr_avx_CR_05_]_19960828 Parameter Entry Mode Discrete optimize v
Instance Name (name[<start:stop>]) lDiSU ete optimize Vl — CR05-181] 180 Ohm A
R1 } CR05-201] 200 Ohm T
Select Parameter Nominal Value CR05-221] 220 Ohm
PART_NUM=CR05-391) 330 Ohm, CR05-221) 22 [ CRO5-391] 330 Ohm v CR05-241] 240 Ohm
il i Bt CR05-271] 270 Ohm
=0 mil g
Minimum Value CR05-301] 300 Ohm
| CR05-2211 220 Ohm v CRO5-331] 330 Ohm
CR05-361] 360 Ohm
Maximum Value CR05-391] 320 Ohm
| CRO5-4713 470 Ohm 3 CRO5-431] 430 Ohm
CR05-4711 470 Ohm
3 . _ ' CRNS-5111 5§10 Nhm v
Display parameter on schematic e AAA ¢
Add Cut Paste [ Component Options... ] sr_avx_CR_05_J 19960828
R1
[PART_NUM : PART_NUM ] PART_NUM=CRO05-391J 390 Ohm, CR05-221J 220 Ohm to CR05-471J 470 Ohm
[ OK ] E Apply i [ Cancel ] [ Reset ] [ Help ]

NOTE: For al list of all o e e e

Name Optimizi Value Unit Format Min/+-/+- Unit Max Unit

optimization variables:

C

)

0.4 pF min/max 0.01 pF 1 pF

= L_match...

- L 14.3 nH min/max 1 nH 40 nH
Simulate = Termi

= = N z Ohm Unconstrained
| Simulation Variables Setup... |

]

O

= L_match...
L
= C_match...

&
-
IS
i

nH min/max 1 nH 40 nH

Next, Yield... EIED)

ADS 2009 (version 1.0)
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Yield Analysis: % meeting

Example: 200-400 MHz (50-to-100 ohm) Impedance
Transformer. Variables have been optimized {0}
and statistical Yield will now test the % of circuits
meeting spec. Note that component values (VAR)
have defined statistical distributions {s}.

specs!

NOTE: Optimize yield results by
changing the nominal values until
you get maximum (near 100%).
See:

L L examples/Tutorial/yldoptex1_prj
L1 L2
L=L1v nH L=L2v nH
# v v - # v Y -
Term — J_ J_ — Term
@ Term1 § C C § Term?2
Yield Nurn=1 C1 c2 Nurn=2
Z=50 Ohm T C=C1v pF T C=C2v pF Z=100 Ohm
t T }
3| S-PARAMETERS I YIELD SPEC | vELD I
>_Haram YieldSpec T el
SP1 Spec Yield2
Start=100 MHz Expr="dB(S11)" MNumlters=250
Stop=500 MHz SiminstanceName="SP1" PPT_Mode=none Random
Step=10 MHz Min= ShadowModelType=none
Max=-18.0 dB Seed= < seed
@ VAR Weight= SaveSolns=yes
WARZ RangeVar[1]="freq" SaveSpecs=yes
L1v=2.270670e+01 {o} {s} RangeMin[1]=200 MHz SaveRandvars=yes
C1v=8.712450e+00 {0} {s} RangeMax[1]=400 MHz UpdateDataset=no
[2v=4.356221e+01 {0} {5} SaveAlllterations=yes
C2v=4.541352e+00 {0} {s} UseAllSpecs=yes

StatuslLevel=2

* Optional Exercise: Step 1- Copy: examples / Tutorial / yldex1_prj

ADS 2009 (version 1.0)
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...Yield Analysis Results (data)

Step 2 - Run the simulation once.

Step 3 — Examine the results.

80% will meet spec

Specis -18 dB S11
from 200 to 400 MHz.

0

10

=204

-30-

40

dB(3(1,1))

-50-

dB(S(1,1)[m1 ]

60 |m2
i g%?;ﬁqﬂfﬂ 1H 5577
09 me rial'=%)3? .

-80 LIS I N L N L L L LB

100 150 200 250 300 350 400 450 500
freq, MHz

Yield Dataset results are stochastic.

ADS 2009 (version 1.0)
Copyright Agilent Technologies 2009

Display Indicators for Parameter Sweeps
Automatic Sequencing

NOTE on Trace Options: Uncheck
Line Color to get one color.

iLine Color!  |Sequence First
Display Label Y %

ine Type Sequence Third

[[] symbol Type |Sequence Second

| YIELD SPEC I

YieldSpec
Spect
Expr="dB(311)"

SimlnstanceMame="5P1"
Min=

Max=-18.0 dB

Weight=

Zoomed in view: results
outside of spec. \

Save=
Rangevar[1]="freq"
Rangehin[1]=200 Mhz
RangeMax[1]=400 Mhz

Datasets and Equations Traces

[yldexO M| Trace Options...

oz &
S

o N \
2
g Yield

-11.84
-12.04
-12.54
-13.04
-13.54
-14.04
-14.54

-15.04
155
-16.0
-16.5-
-17.0
-17.54 T
-18.0

dB(S(1,1))

freq, MHz

5(2,2)

Specl
YIELD.mcTrial - Advanced...

80.000 More results...

Agilent Technologies
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more Yield Analysis results

The example has Several Data Display windows: Histograms, Sensitivity
and Sigma plots. Various methods are used and equations/functions are
described for both histograms and sigma plots.

histogram_stat(data, normalized, innermostindepLow, innermostindepHigh,numBins, minBin,maxBin)
will produFe the yield histogram. It replaces about & functions to produce Spec_perfHist_oid. Note that Speci_perHistis the histogram
of all values of B(S11) in the 200.400 MHz

NOTE: . - tange, for all Monte Carlo iterations. It
Theoretically, this function should worwith any number of data dimensions, butsince it callsthe i not the distibution of the worst c.ase
function collapse(, it becomes limited to oniy 4 dimensional data. (collapse function isslow, and  yalue in the frequency range.
B 1-sorkpermute(db(s(t. 1y 16 10" ascending®) i take data with no more than 4 dimentions).
The permute function is used to exchange the order of Depeadency : cTrialreq) other related 'unchons what_(_pecl)
the dependent variables, meTrial and freq, s that the o i b w 1 1) histogra Dependency : [moTralf - %
function sors with respect to the variable meTrial and not = 2 h,s‘oq,,m multiDim Nependency. | IS 2 o]
3) colla Matrix Size : Scalar T 1008
The 1e-10 factor is added so that even if S(1.1) is zero, 2 histogram_sens Type  : Real S ws s
the db0 function does not retur an error. 5) build_subrange - g -0
[ one_sigma=0.6826 —— e 2 so0 i
05a LN BIY Spec1_perHist=histogram_statiSpec 1,.200MHz.400MHz.20) -
wo_sigma=0.35 m 0 Spec1_pertHist_normalized=histogram_stai(Spec 1 yest 200MHz,400MHz,20) N
sigmaVal=one_sigma 1 has bwo values. The first PARARTSRN! FERR SEAMS VARRE S ARAS VAR Y LARERUAREM RS AR A A
1 = sweep_size(S(1,1)) |sme number of Monte Carlo Old Method h - h h - B - ° g g8 B g 8 8 &
iterations. The second is the indep(Spec_perfHist) 2 2 2 2 2 2 2
=round(11(1¥2) number ﬂr& uencies el 2=indep(Spec1)
=round( 12 * sigmaVal) f,"’;;‘{,f;e:umb's‘vp'°x'm‘ek :“ o P |p o - it
ec1_freq_low_limi z i
X1 is the value of dB(S(1. 1) at U310 iterations. pecl_treq_low | o Histogram of Spec' (48(511) at requency
sach traquency: that coriaponds to Spec_freq_high_limit=400MHz £ specified by makerm1,
Tt - s - s
the mid point of tha sored lst of va "ES- Speci_low_index=find_indextfraq[D,,Spec1_freq_low_limit) 2 2
" I 5‘45(9(1 et =] Speci_high_index=find_indextfreq(D.:].Spec 1_freq_high_limit) gt g o]
each frequency, thitcnlres ondste [ B ] Speci_subrange=Speci[:,Spect_low_index:Speci_high_index] 5 1o hal
the mid paln(pluslh er of m = - = == S E B
o fied by Spec1_subrange_freq_ocall, X(Spec P ]
slgmi\/ﬂloﬂhe Sorted lit of values. pes i by Fi w o]
g Spec1_perfHist_old=hist Spec_subrange_freq_collapsed.20 -
e <t peci_perHist_o ogram(Spec1_subrange_freq_collapsed,20) & ——. g bl
’a'i‘f"“‘"“”'.ﬁ‘sa nat num_samples=sweep_size(Spec1_subrange_freq_collapsed) @ 0 @m W e 2 @ -0 E
the mid point minus °°"es"°ﬁ'e.sn€ Speci_perfHist_normalized_old=100"Speci_perHist_old/num_samples indep(Spec1_perfHist_nomalized) PR e
standard deviations spe These two histograms are of the worst.case - s -
sigmaVal of the sorted st of values. wvalue of dB(S21) in the frequency range, and would
=s1[::,12-13] be useful for setfing a specification. If you emove indep(Hist_at_m1_freq)
the max) function from the Spec1_subrange_freq_collapse: N 1Emi)20
equation, then these two histogramz will be identizal to the Hist_at_m1_freq=histogram(Speci[:.m1].20)
Altemative method of generating the mean and plus ones above,
and minus n_sigma trae o & I — =)
3 e  J
oo ] £ ETEE R R EE R
mean_db_s11=mean(permute(db(S(1,1)))) | S
E 7] freq[D.:]. Mz
stddev(permute(db(S(1,1))) 2 z - !
. - t The vertical blue line is generated by plotting
gma=mean_db_s11+sdev_db_s11"n_sigma % g eV ale MakerFreq)
4 -
BT mean_minus_n_sigma=mean_db_s11-sdev_db_s11"n_gigma 7 A g B vai=p.50]
&
fraq, MHz L e e e i L e e MarkerFreq=(freq[0.m 1].freq[0.m 1]]
m @ oa x o e o g o H @ o2 xy oy A oy

indep(Spect_perfHist_old) indep(Spect_perfHist_nommalized_old)

MC...
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@| Monte Carlo Analysis

Similar to Yield but no spec is required. Enabled parameters are
varied and you see the response. Also, Process or Mismatch can be
selected to see the effects.

= Monte Carlo Simulation:7

| %‘ M ONTE C AR LO I \N’IDTnteCarlo Instance Name ‘ -
- Setup l Parameters Display !
MonteCarlo -
M 0 nte C a I’I 0 1 Statistical Variations
SimlnstanceName[1]="5P1" SR process [ mismatch
N um “e rs= 2 5 0 Yield Specs freq (100.0MHz to 4.000GHz)
Seed= Use All Specs in Design
SaveSolns=yes Select Edit
SaveSpecs=yes :
SaveRandVars=yes | Process and Mismatch used for H
UpdateDataset=no | Dynamic Link to Cadence.
SaveAlllterations=yes .
UseAllSpecs=yes Add Cut Paste
Statu S Leve I= 2 Stopping criterion
hijt_pkg —
Number of trials 250 Q1 -
Format - Ly heta=160 stat{ uniform +- 10 % }
Ful short None | | NOTE: Click on the parameter =

wmeO @ O || to see highlighted range or set |2 4=Tep |
om0 ® O to Full in Options > [

O ® O Preferences.
s S-probe... |::>
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S- Probes for Impedance...
Matching networks

v

Get impedance (reflection coefficient)
for biased circuits by simply
connecting the S probe in series. —_

Probe components V

alette: :
SProbe || SProbe?

g = Insert the SP_Probe N T
.| 11; L' ®_. between components
Z0=50

¥

s —_ or staggs. Set up fthe flowacowz - S-probe pair
280 sP_Probet  Simulation at the higher FihStar Gtz
Z=50 Ohm | FHighStop=15 GHz
evel. FHighStep=0.1 GHz

DisplayTemplate

f'ésg:sllpgaw Data Display template gives Impedance and stability.

ADS 2009 (version 1.0)
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S _Param Test Lab with Test Benches

Examples/Tutorial: TestLab_HOWTO prj. Shows how to
Optimize a two-port model using measured two-port data.

Goals are MeasEqns =

ﬁ? S-PARAMETER TEST LAB .
I_l—l Difference between modeled

a_ParamTestlLah ] | feas TP
TestLab1 gﬁ% I [E] o and measured Test Bench
= oal_S21=mag(TB2.521-TB1. Goal_S22=mag(TB2.522-TB1.522)
orara. | e N e values goes to zero when
StDp—1D GHZ B.’;fﬁs‘ﬂ']r’]‘w \[\)1%'187‘2*44“ . .
—_ | |
Step=0.1 GHz Goal_S11=mag(TB2.511-TB1.511) Goal_S12=mag(TB2.512-TB1.512) Optlmlzed! :
’ : | GOAL I | GOAL I
Godl NOTE: The sequencer can
OptimGoal11 OptimGoal12
Measured MArdeled t Expr="{Goal_S11)" Expr="{Goal_S12)" also be Used for an upper
TB1 T TBQ T SiminstanceName="TestLab1" SiminstanceName="TestLab1" |eve| deSign tO run
Min=0 Min=0
Max=0 M simulations in order.
fl | OPTIM | GOAL I | GOAL I |
. Goal } \Simulaﬁon-Sequencing
Optim Goal Ot Cosl10 :
. - Im&oa
Optim1 opmeoat Erpr-"(3o8l_S22) Palette e
OptimType=Gradient Expr="{Goal_521) B o ’
ErrorForm=L2 SiminstanceName="TestLab1" a_mlrzjstanceNamﬁ TestlLab
Maxlters=15 Min=0 m-: —,:g%
Max=0 Max=0 Seqncr
Weight=1 W=

NOTE: Test benches are created using the test bench symbol (Design Parameters).
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Test Lab example (continued)...

Hierarchy of model test bench: TB2 Enabled (opt) variables are

|[§ZI e used for all values in the lower
Term2 © level design. When the
SR % ?U?uéhmj optimization completes
:% o=t - l successfully, TB2 will be a
T = model of the measured device.

~» TB1 is file based and reads-in

o 2% - :
T o L ~ the S-param values during the
e L* &F f T optimization process.
y Feitma Tc“" [
1. '-%TI ‘ Measured test bench: TB1
0% - S2P
_._/\/VH_ -Varr] ] VAR . . . . : SNP1
R = VAR File="measured_device.s2p"
o / rbx=1 opt{ O to 1000 } L Type=Touchstone
R=rbx Ohm | rbcx=1e12 opt{ O to 1e15}

- cbex=0.05e-12 opt{ O to 10e-12}
cbex=0 opt{ O to 1e-9 }
Next, Ref Nets! |:>

ADS 2009 (version 1.0)
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Ref Nets are Terminations

[smustons_param  RefNets (2 types) are terminations that reference the
e = impedance of other schematics in your project: test

i || E3|%] benches or designs.
RefNet || RefNet
Ly —NN— L +£ _ ReffletDesign
RefMetTB 21 b C1 Term?2
Term1 ~_ C=10pF Num=2
MNum=1 R=30 Ohm L_1 0 RefDesignMame="ckt_2"
_L RefTestBenchName="ckt 1" =1 RefPorthum=1
— RefPortNum=1 —— —— RefDesignZ=50 Ohm
|@ | S-PARAMETERS I
S Next, frequency
Start=100 MHz sensitive
Stop=2 GHz components
Step=10 MHz

—>

Term1 has the impedance of the test bench “ckt_1" looking
into its port 1 and Term 2 has the impedance the design
“ckt_2” looking into its port number 1.
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ADS allows frequency sensitive components!

=1 ;ermz Set a Term Z to change freq T
erm . .
Num=2 with frequency using 200M% | 50.000/0000  50.0000.000
Z=if freq > 400 MHzthen 35 eise 50 endif | THEN ELSE 4000V | 5000070000 3000070000
= ] 500.0MHz 50.000 / 0.000 35.000 / 0.000)
600.0MHz 50.000 / 0.000 35.000 / 0.000
— 700.0MHz 50.000 / 0.000 35.000 / 0.000
_orfn yUse an SNP Eqn: Z changes with changing frequency.
S[1,1]=
1| Z[1)=Z_filter
l [&] VAR if then elseif then elseif then else endif
VAR1

Z filter=if freq < 1 GHz then 100 elseif freq < 500 MHz then 1K elseif freq < 1MHz then 10K else 1M endif

CAPQ and INDQ: Equation describes changing L or C with frequency.

00
] m1 . ;_..,._rwx_,_* INDQ
Bl | S-PARAMETERS req=5.000GHz 2 S
—— 05 dB(S(2,1))=-1.445 L=if freq > 5 GHz then 1.0 nH else 2.0 nH endif
él_jf; aram ] Q=99e9
Start=1.0 GHz 0] _ i} F=100.0 MHz
Ston= ] Mode=Constant
op=10.0 GHz ] 1 ity
Step=1.0 GHz - = c=u. m
e L I R
1 2 3 4 5 6 7 8 9 10 .
freq, GHz Try these as an extra exercise after the lab!
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=7 1= What the lab is about ...

Lab 5:

S-parameter Simulation and
Optimization
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Steps in the Design Process

* Design the RF sys behavioral model receiver

* Test conversion gain, spectrum, etc.

 Start amp_1900 design — subckt parasitics

» Simulate amp DC conditions & bias network

» Simulate amp AC response - verify gain

» Test amp noise contributions — tune parameters
You are here: | - Simulate amp S-parameter response
- Create a matching topology
* Optimize the amp in & out matching networks
* Filter design — lumped 200MHz LPF
* Filter design — microstrip 1900 MHz BPF
* Transient and Momentum filter analysis

L * Amp spectrum, delivered power, Zin - HB
» Test amp comp, distortion, two-tone, TOI
",;3) gaxzx » CE basics for spectrum and baseband

» CE for amp_1900 with GSM source

* Replace amp and filters in rf_sys receiver

» Test conversion gain, NF, swept LO power
 Final CDMA system test CE with fancy DDS
» Co-simulation of behavioral system
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First, simulate with ideal components

- Ve tﬁ/c c “ &5 | s-PARAMETERS

RC —v.Dc Fk
R=590 Ohm _T SRC2 S_Param
R Vdc=Vbias SP1
B = Start=100 MHz _ o
_ Ll Stop=4 GHz =
R=56 kOhm Step=100 MHz 5 | ¥
§ DC_Feed
DC_Feed DC_Feed2 VAR —
DC_Feed1 VAR1 freq=1.900GHz
Vbias=5 V 5(1,1)=0.855/-3.631
- impedance = 549490 - j221.017
Y bit_pkg | ' o freq (100.0MHz to 4.000GHz2)
3 i ~a, Q1 DC_Block Term
DC_Block beta=160  DC_Block2 Term?2
Term pC_Block1 —— Num=2
Term1 1 _*_ Z=50 Ohm
— Num=1 — —
= 7=500hm
* Plot the S parameter data
» Write eqn IF-THEN-ELSE for a Term Z.
—=3 Term . .
Term? - Simulate and list the data
NEm =2 . freq PortZ(2)
Z=if freq < 400 MHz then 50 else 35 endif ;gggmz ggggg;gggg
- \ 300 Oz 50.000/ 0.000
400.0MHz 35.000 7 0.000
\ 500.0MHz 35.000/0.000
— 600.0MHzZ 35.000/0.000
- 700.0MHz 35.000 /0.000) :>
800.0MHz 35.000/0.000
900.0MHz 35.000/0.000
1.000GHz 35.000/0.000
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Calculate C and L values and re-simulate

Reactance of 10 pF at 1.9 GHz and a list of L values:

L wval KL
SefgXc=-1/(2* pi * 1900M * 10e-12) — ki * ~ 7.100E-8 847 602
Ean XL— 2% pi " 1900M * L_val 8.100E-8 956,952
. 9.100E-8 1086.363
Cap value: reactance at 1900 MHz 1010E-7 1205 743
Xc =[]l _val = [1n :: 10n :: 200n] 1.110E-7 1325.124
- 1.210E-7 1444 504
-8.377 1.310E-7 1563.885
40 | o
204 A 4
g_—;‘: u__
Y ol 1 m2
ce 20 7 freq=1.900GHz
= +|v¥ecc BE 0] dB(S(2,1))=20.253
RC = v . DC oy A N O s e
R=590 Ohm _T src2 i
) — . -80 T T =TT
;B L Vdc=Vhias 0.0 IJ.|5 1!0 1.I5 2.|D 2!5 3.|IJ 3!5 4.0
R=56 kOhm DIE_ACERY = freq, GHz
L—_ 120 nH @ VAR
E = VAR
nie |FEEE | Vhias=5 V
L=120 nH
R= A 3
E s } I |’, bit_pkg - . -
+ C ———
Term C an;ta=1 B0 DC_Block2 Term g; mﬁ)l
Term1 DC_Blocki C=10pF Term?2 242 \
Num=1 C=10 pF — Num=2 mi
Z=50 Ohm 1 L = Z=50 Ohm freq=1.900E9Hz

ADS 2009 (version 1.0)
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S(1,1)=0.856 /-3.558
impedance = 554 492 - j219.573

freq (100.0MHz to 4 000GHz)

—>
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Smith Chart Utility for a matching network...

= Smith Chart Utilit
File dit Miev grcle Ip S mart Com pon ent

e s SO hel H X in schematic becomes a

Palette

75 Freq (GHz) 20 (Ohms) Curren t Schematic SmartComponent b H 't h b H It_
‘ 1.9 50 ‘ Normalize l[amp_lQOUJ:vrj]: 10 v | |DA_SmithChartMatch1 S u _CI rCU I W e n U I .

[ Define Source/Load Network Terminations... ]
o~ || 7
£ 1 Network Response
L 14.38127 nH Max -
: | Smith Chart Matching v v
&

Palette )
j
DA_SmithChartMatch1_s params

DA_SmithCharthatchi

<

=

L1

L=14.192743 nH

R=1e-12 Ohm

Port Port
[] Lock Source Impedance Lock Load Impedance < > P1 P2
7 _ Num=1 Num=2
Gamma: [uj_[n:usrs: ] < ‘,54‘ 5095] z: l 1.00480 ‘ + l{lﬂ ng‘ Delete Selected Component [ Set Defaults... ]

c1
C=403.653803 fF

— (—'-—

VSWR: [1.01131 ||RE [0.98512] + [0.01011] | 2o | Value: | 5547220 % Loss:
( Buid ADS Circuit ) Auto 2-Element Match

« Start the tool, define value of Z Load at 1900 MHz, insert the component
» Select the desired palette components (C and L) to move to Smith Chart center

* Build the matching circuit with one click...
’ Next, Optimize! |:>
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Add output matching components and Optimize !
Use Random with 2 Goals: Max for S11 and S22 = -10 dB

@ OPTIM I
| GOAL I | GOAL I
Optim

Optirn %% | S-PARAMETERS I Goal Goal
OptimType=Random OptimGoall OptimGoal2
Maxlters=125 S_Param Expr="dB(S{1,10)" Expr="dB(S{2,20"
DesiredError=0.0 SP1 SimlInstanceMame="SP1" SimInstanceMame="SP1"
StatusLevel=4 Start=100 MHz Min= Min=
FinalAnalysis="SP1" Stop=4 GHz » Max=-10 Max=-10
MNormalizeGoals=no Step=10 MHz Ve YWeight= YWeight=
SetBestvalues=yes Rangevar[1]="freq" RangeVar[1]="freq"
Seed= . RangeMin[1]=1850 MHz RangeMin[1]=1850 MHz
SaveSolns=no i De RangeMax[1]=1950 MHz RangeMax[1]=1950 MHz
SaveGoals=yes - 'S—R 01
SaveOptimyars=no — -
UpdateDataset=yes = Vde=5v NOTE: Opt
SaveNominal=yes - L .
3avijllgte$tions=no DC_Feed? function or {O}
seAllOptvars=yes = L=120nH L match out . .
UseAllGoals=yes R= E)o Bk L=14.3nH opt{ 1 nHto 40 nH } indicates
- . ) DC_Feed! C=10 pF components
L_match_in C L=120 nH — | . Yy
L=14.3nHopt{ 1 nHto 40nH}  DC_Block1$ fi |) L J_ are enabled.
R= C=10 pF JJL_PKY C
, Y Y i —] f a1 C_match_out
C heta=160 C=0.4 pF opt{ 0.01 pF to 1 pF }

C_match_in

? I C=0.4 pF opt{ 0.01 pFto 1 pF}

-

It

—>

Note: If GOAL RangeVar is not set, the optimizer uses all the simulation frequency points.
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After a successful optimization...

Status / Summnary

,,,,,,,,,,,,,, D N Update the values and disable the Opt
MMMy A : C frl = .
i S | EF = O = goals met! components: {-0} = noopt function.
P natoh out T =28 57062-09 Simulate
E:ﬁggglﬁ:??tc:mllg?éggéiés Update Optimization Values
L match_in.L = 21.0353e-09 C
Simulsbion fimished: o ; R - J C_match_out
8 disersndetaultuanp, 1900_pridatar C=0.223529 pF {-0} pF}
J | o

Tuning | Optimization | Statistics * »

Optimization Status |[BE=ls2] R e

Nominal Optimization found initial Error
Function (EF) to be zero or less.
Optimization specification is currently

=

e . e o < i i if i i I
satisfied... Try to tighten specification Simulator will tell you if it can improve results!
4° v I =1.900GH
. . | req=1. il
Lab exercise has 7 2 ] '///'\gggg)z% 168
final component 15 S 210,011 1 12196 = T
o] | _
| f th gg |mpedanoe=$51.037-10.227 0‘_3 | — )% — —]
Va ues Or ese gg ] } g -20—- freq=1.900GHz Erzeg):'lAgUOGHZ
S-parameters % e  S00GHz f; 40| 5115(18)):_33_824 dB(S)=-39.573
which are good! | &2 e e o £ o]
& -80 T T T ™ T T T

freq (100.0MHz to 4.000GHz) freq, GHz
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Also, gain & noise circles + stability

S-parameter simulation with gain and noise circles, and stability.
These pre-defined measurement equations use ADS functions.

@ B You set the & oprions |

. Options
GacCircle NsCircle arguments |f Options1
Temp=16.85
GaCircle NsCircle necessary! Thom=25
GaCircle1 NsCircle1 Topologvilheck:yes
GaCircle1=ga_circle(S,30,51) NsCircle1=ns_circle(nf2,NFmin,Sopt,Rn/50,51) V_RelTol=Te-6

V_AbsTal=1e-6V

|_RelTaol=1e-6
ﬂ[ﬂfmﬂ]ﬂwﬁmﬂﬂﬂ Imm]ﬂmmmmﬂl |_AbsTol=1e-12 A
GiveAllWarnings=yes
MUPTrime I

Mu NOTE:You must turn on Noise in MaxWarnings=10

Mu MuPrime the simulation controller for
Muf MuPrime1 , NsCircle and list values. |:>
Mul=mu(S) MuPrime1=mu_prime(S)

i csj 5)=44 i
Indepims)=:
Q=045 1 49 800 20
freq=1.900000GHz E
impedance = Z0* (0458-j2.072) 2.8
freq NFmin Sopt 2e 26
1.850GHz 1.055 0.786/-20.779 25 4
1.860GHz 1.055 0.789/-20.735 2a
1.870GHz 1.056 0.791/-20.691 m6 m7
1.880GHz 1.056 0.792 /-20.647 .1 [rea=1.900GHz freq=1.900
1.890GHz 1.056 0.794 /-20.602 2 ; = -
1.900GHz 1057 |  0795/-20557 ] MuPrime1=2916] [Mu1=2.993
1.910GHz 1.057 0.797 /-20.512 20 : , , , , :
1.920GHz 1.057 0.798 /-20 467 i L e . e . 108

. . . freq, GH
Circle center is source match for optimum NF. e
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Optional: Read / Write data files *Or. try the yield

analysis example!

(& Data File Tool: write an ADS S-parameter dataset as a Touchstone file,
then Read it back in... as if it came from a Network Analyzer!

& dftool/mainWindow Q@

File Help + ¥

Term I i~ o Term
Term1 52P Term?2
Mod
oee MNum=1 _i‘ S_ijl ) . Num=2

" Read data file into dataset (+ ‘write data file from dataset Z=50 Ohm File="my_file.s2p Z=50 Ohm
Data file to write % -_L -_I_
Output file name File format to write - —
[my_file_s2p Browse... SWEEP PLAN

DIF ¢35 | S-PARAMETERS _I
Complex data format  Frequency units o A Dlar
|Mag/Angle | |He =l Touchstone data type o _FParam é‘l f\fbpi arﬁ

s ]
Data notation format  Max resolution SP1 . . Start=100 MHz Stop=3 GHz Step=100 MHz
[Defaul s = SweepPlan="SwpPlan- UseSweepPlan=

H SweepPlan=
e 0 Forward Transmission, dB
Dataset name 21.5 mi
s potoms TR Start the

1
2054
7] S lab now!

19.5

Specify the dataset you want to by
write out. Simulate with a Sweep 185
Plan and compare the results. i

17.5 e e e

00 05 10 15 20 25 30 35

'“ Wite to File | View Dataset | Help | freq, GHz "
-
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