12 — Design for
Manufacturing: Overview of
Optimization And Yield
Analysis

The information in this work has been obtained from sources believed to be reliable.
The author does not guarantee the accuracy or completeness of any information
presented herein, and shall not be responsible for any errors, omissions or damages
as aresult of the use of this information.
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1.0 Optimization
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Optimization

Nominal Optimization, also known as Performance Optimization, is the
process of modifying a set of parameter values to satisfy predetermined
performance goals or Objective Functions in mathematical terms.
Optimizers compare computed and desired responses and modify
design parameter values to bring the computed response closer to that
desired.

A positive value, which is related to the difference between the
simulated results and the performance goals is known the Error
Function.

The objective of optimization is to minimize the error function.

Here an example is introduced first to illustrate the concept, followed by
a short discussion on the theory.
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Example 1 — Design of Low-Pass Filter
Using Nominal Optimization with ADS
Sofiware

+ ADS2002 software is used.
* In this example, we attempt to design a third order low-pass
filter through optimization.

» A T-type LC network is constructed. The values of the
inductors and capacitance needed to produce the following
frequency response are unknown.

— 1S,4] > 0.9 (-0.457dB) from 100MHz to 450MHz.
— |S,4| < 0.05 (-13.01dB) from 500MHz to 1000MHz.

» Nominal optimization is performed to find the best set of L
and C that fulfills the conditions. In this example, the above
conditions will be our goal functions.
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Example 1 Cont...

» The basic circuit and simulation setup is constructed.

|@| S-PARAMETERS |

S_Param

SP1

Start=1.0 GHz

Stop=10.0 GHz
Step=1.0 GHz

SOV AV
L
L

L
2
Term L=1.0 nH L=1.0 nH Torm
Term1 R= Cc R= Térm2
Num=1 c1 Num=2
2750 Ohm ]: C=1.0 pF Z=50 Ohm

» Double click on each element, and enable optimization as
shown in the following slide. Set the range of the
component values as shown.
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Example 1 Cont...

- Inductor:2

L

Instance Name [namef<start:stop>]]

]
Select Parameter
0.2 nH to 200 nH }

sad | Ew | Pese |

Parameter Entry Mode
Standard

L

1.0 rH
Equation Editor...

Optimization Statistics/DOE Setup. !

ﬂ

Optimization | Statisios | DOE |

Optimization Status [Fpapled 5

Continuous o
mindmas hd

Mominal ¥alue

Type

Fomat

This means during
optimization, the
[ Display parameter on schem: Optlmlzer mOdUIe

Companent Options.

[ Inductance

of L, from 0.2nH

ok |

Apply I * Cancel

et | to 100nH. The

can varies the value

Minimum Yalue

Maximum Yalue

j‘

B Post Froduction Turing

| starting value is
s T =~ 1.0nH.
o o ak | Cancel | Help |
Term L=1.0nH L=1.0 nH Term
I.i",:; e < R= Tem2
e e Tz 0m Optional - enable tuning
L after optimization is
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Example 1 Cont...

» From the Optim/Stat/Yield/DOE components palette, insert
the goal functions and optimization control as|shown in the

following slide.
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Example 1 Cont...

+ Edit the goal functions and optimization control as follows.

|&] s,araveters | | GOAL 11 GOAL | [R] opv]
S_Param Goal Goal Optim
SP1 OptimGoal1 OptimGoal2 Optim1
Start=0.1 GHz Expr="mag($21)" Expr="mag(§21)" OptimType=Random
Stop=1.0 GHz i "SP1" 'SP 0
Step=0.01 GHz Mn=0.9 Min= P=2
Max= Max=0.05 DesiredEmor=0.0
Weight= Weight= StatusLevel=4

Goal function 1: within 100-
450MHz, let |S,| be > 0.9 during
S-parameters simulation SP1

angeVar[1]="freq"
RangeMin[1]=100MHz
RangeMax{1]=450MHz

RangeVar{1]="freq"
RangeMin[1]=500MHz
RangeMax{1]=1000MHz

FinalAnalysis="None"
SetBestValues=yes
Seed=

Goal function 2: within 500-1000MHz,

let |S,| be < 0.05 during S-parameters
simulation SP1

Sevrv

SaveGoals=yes
SaveOptimVars=no
UpdateDataset=yes
SaveNominal=yes

Sy

UseAllOptVars=yes

T

L
Tem
Tem1
Num=1
Z=50 Ohm
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L=1.0 nH opt{ ppt 0.1 nH to 200 nH }
R=

==

L
~ R=

C
c1
C=1.0 pF opt{ ppt 0.1 pF to 100 pF }

© 2005 Fabian Kung Wai Lee

L2
L=1.0 nH op{{ ppt 0.1 nH to 200 nH }

Tem
Term2
Num=2
Z=50 Ohm

UseAllGoals=yes

*Optim1: optimize

the values of L, L,

and C, using Random
search so that the
simulated S,, be as
close as possible to
Goal Function 1 & 2.
*Error Function: Least
Square.

«Stop after 200 iterations
or upon fulfilling Goal
Functions.

«Information displayed
level = 4 (most info).

Example 1 Cont...

» Run the simulation, which produce the following results:

[ Numlters [

InitialEF
0.902

FinalEF |
0.02

c [
‘ 6.954E-12 ‘

L1l
4.736E-8 ‘

2L
4.750E-8 ‘

150.000 ‘

o T

dB(S(2,1)

3

8

3

40

pt

i
freq=430.0MHz
dB(S(2,1))=-2.967

Upon substituting the
suggested values for L, L,

and C, and running an
S-parameter simulation, this
curve is obtained.
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Example 1 Cont...

* Now we would like to
implement the filter using
standard L and C values which
can be bought off the shelf. So
the circuit shown is adopted
instead.

* The simulated |S,,| is also
shown, which does not deviate
much from the previous

curve.

* This concludes the example.
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3 Term L=47.0nH

Termt
Num=1
Z=50 Ohm

L

L2

L=47.0 nH
- R=

Cc

Cla
C=4.7pF

c
Cib
C=2.2pF

e S—
=3

Term
Term2
Num=2
Z=50 Ohm

m1
freq=434.0MHz
dB(S(2,1))=-3.001
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freq, GHz

frequency range.
corresponding to the Rij response.
response and g;; goal.

evaluated at frequency "f."

F,=500-1000MHz.
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Ei Error Function Formulation (1)

» Before we begin, let us introduce some terms.

F. - the set of frequency values specified by the "jth" frequency range.
Rij(t) - the "ith" frequency dependent response that is being optimized over the "jth"

g~ the "ith" goal value within the "jth" frequency range that is the optimization criterion

eij(f) - the frequency dependent error contribution due to differences between Rij and g

» Based on this definition, in Example 1:
— i=1,2 as we have 2 goal functions, g,; and g,
— j=1,2 as we have 2 frequency ranges, F,=100-450MHz and

— f =the frequency points within each frequency range.

W - the "ith" goal weighting factor, within the "jth" frequency range, associated with the Rij




EH Error Function Formulation (2)

» Least-square Error Function, E q:

2
ejj :|Rij(f)_gij(f o , _
The weighting factor w;; is used to emphasize

Eij =W zeij (f) or deemphasize the error within certain
feF; frequency range.

YE; Vi > eij(f) . .

E.ooi o J<E The no. of frequency points with range
I sy ZfZF N;;(f) *+— F;, for goal function g,

i ALY

ELS = ZE]
J
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EH Error Function Formulation (3)

* Minimax Error Function, E,: 1— This means “for all”
EMM :max{wljelj(f)}v iajaf
where ¢;(f)=R;(f)-g; . R;(f)<gy
ei(f)=g;(f)-R; . R;(f)2g;

* Minimax L, Error Function, Eyy+:

Eypp=ma), weilf IVij.f
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Error Function Formulation (4)

* Least Pth Error Function, E ;:
Emax = maxi{Ei}

Erp= Z(Ez)P:| s Emax >0

Usualy P=2,4,6 ....
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Optimizer Methods to Minimize the
Error Function (1)

» The various methods depend on the algorithm used (the
search method) and the error function considered.

» The search method determines how the optimizer arrives at
new parameter values, while the error function measures
the difference between computed and desired responses.
The smaller the value of the error function, the more closely
the responses coincide.

* When optimizers execute their search method, they
substitute new parameter values to effect a reduction in the
error function value.
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Optimizer Methods (2)

The Gradient optimizer is a classical optimization method. lts strive to
find find the global minimum by examining the slope of the error
function.

The Minimax optimizer calculates the difference between the desired
response and the actual response over the entire measurement
parameter range of optimization. Then the optimizer tries to minimize
the point that constitutes the greatest difference between actual
response and desired response.

Basically, minimax means minimizing the maximum error.

The Random optimizer randomly choose a combination of the
parameters, search through the entire available range. Sort of a brute
force approach.

Between these, the gradient optimizer uses the least square error
function, while the gradient optimizer minimizes the minimax error
function. This also applies to random optimizer etc
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Optimizer Methods (3)

A summary of optimizer methods (taken from ADS online help):

Gradient Gradient search method with least-squares error function.
Gradient Minimax Gradient search method minimax L1 error function.
Random Random search method with least-squares error function.
Random Minimax Random search method with minimax L1 error function.
Minimax Two-stage, Guass-Newton/Quasi-Newton method with

minimax error function.

Quasi-Newton Quasi-Newton search method with least-squares error
function

Least Pth Quasi-Newton search method with least Pth error
function.

Genetic Direct search method using evolving parameter sets.
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2.0 Yield Analysis
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Yield Analysis

Yield analysis determines the percentage of acceptable and
unacceptable units based on a certain specifications (YieldSpec).

Yield analysis randomly varies network parameter values according to
the statistical distributions of the parameters while comparing network
measurements to the user-specified performance criteria found in the
specification (YieldSpec).

Yield analysis is based on the Monte Carlo method, Sobol [4]. A series
of trials is run in which random values are assigned to all of the design's
statistical variables, a simulation is then performed, and the yield
specifications are checked against the simulated measurement values.

The number of passing and failing simulations is accumulated over the
set of trials and used to compute the yield estimate.

As the no. of trails are increased, the more accurate and stable it is the
results of the Yield analysis.
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Example 2 — Yield Analysis of Low-
Pass Filter Using ADS Software

+ ADS2002 software is employed.
» The problem in Example 1 is reused again.

* Suppose we use the SMD inductor from Murata for L, and
L,. The inductor: 0603 package, 2600MHz Self-
Resonance-Frequency, min Q factor 38. Tolerance +2%.
Max. d.c. series resistance 0.10hm.

* For capacitor C; and C,, we use the SMD multilayer
ceramic capacitor from Phycomp. The capacitor: 0603
package, NPO grade dielectric. Tolerance £0.25pF for <
4.7pF. Breakdown voltage 50V d.c.
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Example 2 Cont...

» The following schematic is constructed with the corresponding S-
parameter simulation controller.

» Double click on each element, and enable the statistics as shown.

L

Instance Name [namel<start:stop> 1)

ot 3.0 nH to 56.0nH } 4

i

Paste |

2 T

Parameter Entry Mods
Stardard

L

H -
Equation Editor.

0 DOE Set

X

¥ Display parameter on schematic

Companert Options.

|

Setup:t

Optimization Statistics |DDE |

Stalistics Stols [N -

Uniform 'I
min/max 'I

Mominal Value

Tupe

Farmat

This means the
can varies between
46.0nH to 48.0nH

|| with equal probability

|£ = Induetance

0K Apoly I Cancel Reset Help
KA
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Example 2 Cont...

|¢| S-PARAMETERS | |$| YIELDI

| viewospec | | vYELDSPEC |

S_Param Yield YieldSpec YieldSpec
SP1 Yield1 Spect Spec2
Start=0.05 GHz Numlters=250 Expr="mag(S21)" Bxpr="mag(S21)"
Stop=2.0 GHz PPT_Mode=none SiminstanceName="SP1" SiminstanceName="SP1"
Step=0.002 GHz ShadowModel Type=none Min=0.82 Min=
Seed= Max= Max=0.13
SaveSolns=yes Weight= Weight=
SaveSpecs=no Save= Save=
SaweRandVars=no RangeVar[1]="freq" RangeVar[1]="freq"
UpdateDataset=no RangeMin[1]=100MHz RangeMin[1]=700MHz
SaweAlllterations=no RangeMax{1]=400MHz RangeMax{1]=1000MHz
UseAllSpecs=yes
StatusLevel=2
L L
L1 L2
;::40710 nH stat{ uniform 46.0 nH to 48.0 nH } I;:;O nH stat{ uniform46.0 nH to 48.0 nH } The Yield SpeC are
Laas almost similar to the
. goal functions for
erm P
e Termz | OPtimization. Except
Termi c Num=2 | we relax the
= Z=50 Ol .
g“ggh Ctb requirement
= m C=22 tat{ uniform 1.95 pF to 2.45 pF = A
= PF stat{ niform 1.95 pF 10 2:45 pF } for |S,| in the passband
and stopband slightly.
Cla
C=4.7 pF stat{ uniform 4.45 pF to 4.95 pF }
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Example 2 Cont...
mcTrial NumFail NumPass Yield
0 8.000 242.000 96.800]
250
freq: Hz
\ LmegiS(zT)=0031 |
oso] |
o] m
ond \‘\
\i
.
T A A A A A A
freq, GHiz
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3.0 Yield Optimization
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Yield Optimization

Yield optimization adjusts nominal values of selected element
parameters to maximize yield. Also referred to as design centering,
yield optimization is the process in which the nominal values of yield
variables are adjusted to maximize the yield estimate.

When you activate yield optimization, you are required to enter the
number of design iterations. This is the number of yield improvements
you wish the simulator to obtain. Each design iteration may require
several yield analyses (yield estimations).

The number of trials to be used for each yield analysis is not required.
The number of trials is a dynamic variable computed during yield
optimization, varying with changing yield estimates and confidence
levels.
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Example 3 - Performing Yield
Optimization with ADS Software

ADS2002 software is used.
In this example the schematic from Example 2 is reused.

We would like to optimized the yield of this low-pass filter
based on the requirements on the YieldSpec of Example 2.
In addition to specifying the statistics of the parameters L,

L, and C,, the Optimization Status of each parameters is
also enabled.

Since the nominal value of the parameters will be changed,
the statistical information is defined as uniform, but with
tdelta or £% options.

After the modification, the schematics is as shown in the
next slide.
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Example 3 Cont...

The final schematic. The Yield, YieldSpec controls are
shown in following slide.

s vV
Term
Term Term2
Term1 Num=2
Num=1 Z=50 Ohm
Z=50 Ohm I I =
c —3 —3
C1a
L C=4.7 pF opt{ ppt 3.3 pF to 5.6 pF } stat{ uniform +/- 0.25 pF }
L1 = )
L=47.0 nH opt{ ppt 33.0 nH to 56.0 nH } stat{ uniform +/- 2.0 % } This implies C is allowed
R=0.1 to varies from 3.3pF to 5.6pF
L2 : P
L=47.0 nH opt{ ppt 33.0 nH to 56.0 nH } stat{ uniform +/- 2.0 % } dyrlng OptImIZatIOI').Of the .
R=0.1 yield. The probability density
(éw function of C is uniform,
C=2.2 pF opt{ ppt 1.5 pF to 3.9 pF } stat{ uniform +/- 0.25 pF } +0.25pF around the current

nominal value.
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Example 3 Cont...

(&3] searaveTers | | g%y YiELD oPTimizaTion | [ YIELD sPEc |

| YvELDsPEc §

S_Param

SP1

Start=0.05 GHz
Stop=2.0 GHz
Step=0.002 GHz
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YieldOptim
YieldOpt1
Numlters=16
MaxTrials=
PPT_Mode=none
ShadowModel Type=none
Seed=
SaveSolns=no
SaveSpecs=yes
SaveRandVars=no
UpdateDataset=yes
SaweAlllterations=no
UseAllSpecs=yes
StatusLevel=4
RestoreNomValues=

YieldSpec

Spect
Expr="mag(S21)"
SiminstanceName="SP1"
Min=0.82

Max=

Weight=

Save=
RangeVar[1]="freq"
RangeMin[1]=100MHz
RangeMax{1]=400MHz
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YieldSpec

Spec2

Expr="mag(S21)"
SiminstanceName="SP1"
Min=

Max=0.13

Weight=

Save=
RangeVar[1]="freq"
RangeMin[1]=700MHz
RangeMax1]=1000MHz
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Example 3 Cont...

 After yield optimization, we observe that 100% yield can be
obtained (based on the criteria of YieldSpec) if we allow the
nominal values of:
— Cla=4.732pF
— C1b =2.184pF

— L1 =45.93nH
— L2 =45.47nH
However in reality, such values are not obtainable as

standard off-the-shelf components. This is basically just a
theoretical study on yield optimization.

FinalYield InitialYield ClaC C1b.C L1.L 2L
100.000 84.000 4.732E-12 2184E-12 4.593E-8 4.547E-§
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