Creating Robust Designs, using Statistical

Methods

Design for Yield
(DFY)
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Creating Robust:Designs using Statistical

Methods

What is a Robust Design?

A design that is less sensitive

to the manufacturing process
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Advanced DEY: liools

No longer designers have to
worry that their circuits have
to be redesigned again.

No longer managers have to
be concerned for the high
costs of multi wafer runs.

ADS Advanced DFY Tools
help designers achieve
“First Pass Success”.
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Example: 2.4) GHzZIMIG ENAtonfAluminaiSubstrate

Optimum Noise Match
NEC 67383 FET
2-3 GHz

Im Rn, | NFin, _. B

2 [069<21°|058] 03 |55

0.60<31°| 0,57 | 0.5
0.60<50°

Alumina Substrate
Er=9.9 H=25 mils

Design Spec:
.7 dB NF @ 2.4 GHz
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Example: 2i4) GEHZ ENA--MIG Design

Three of many different ways to match for optimum noise

% shunt stub 5002 shorted shunt stub 50( series line and
Ma line, Z, =104 '/, series line, Z, =104 500 open shunt stub
A

I'm

Goal is to have the matching
network impedance coincide

o2

. . . Freq, GHz | T, 'mm“ -*[
with the optimum noise e R Semassct
figure impedance, 'm R 7l o ?JZJ 236

; ! _3 -'.}£ g;?  2 GHz Y

: '*P

%
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Bypass Caps

Drain bias

Alumina Substrate

Tuning Confetti

Carrier
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Initial liest:Results: (MajorProblem)

NF Spec: .7dB
Measured: 8 dB
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Eindingjaisoelutionjinithe lab

This solution achieved a .5 db NF @ 2.4 GHz

A wire loop

1- Diamond Scrlbe ‘out the Input Matching Network

2- Solder a loop of inductive wire from FET to connector

Page 8 Agilent Technologies




Wire loop from input
port to FET’s Gate

\

Back to the drawing
board for further

investigation




e and

500 open shunt stub

50 shorted shunt stub
» Zg
fa
Input impedance as function of frequency
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Single Line:Matching| = Low @

Use of high impedance, single

line was the best technique for

achieving robust & optimum

Results, but too narrow to

realize.

Suspended line concept was

utilized to produce a realizable,

SS === wider, high impedance line with
I3 of asingle line, Z, =1200 a low Q broadband network

- -
- L]
o%e
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Matching with:Single Line = Low @

W = 1.5 mil o-ﬁ
25 mil alumina

—)

—

2501 13.5°
0o = 617

Option 2 is evgrmore Bglg)gs,fzbut non-rea.lj.gb.leAg"ent Technologies

.




NESimulationiofithe Vanious: Matching networks

NF (dB)

LNA Noise Figure for Four Different Noise Matching Networks

T,-" e e e e e e e e
B /
—— Topology 1 /
f - Topology 2 )
—~— Topology 3 //
4 —«Topology 4 /
3 \\ /
1 */4_\7\“9
W{ sing'e Line Matc
I:I ] ] ] ] ] 1

2 22 24 2.6 2.8 3

Frequency {(GHz)
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Real MMIG Designsi— Eabricatedion the samewafer:

A Reticle contains a few
circuits, stepped and repeated
across the whole wafer

*

All designs went through
the same Wafer Fab Process

1) Used a standard 2) Used a DFY Based
design technique design technique
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OuriGoallisito)Create; Something| like: Amp2

Standard Design Technique

DFY bas

Design Technique

Wafer Probed Measurement of Gain and $22

16

30 16

= 5% Yield 3 |3
p @ -
N g oYie o © |2 6]
23 N g
m 1 ) m
L 4 e = | |™®

Wafer Probed Measurement of Gain and $22

i,
((z'z)s)ap

L6
= --12

30

A;'bo 725 750 775 800 825 850 875 900 925 950 975 10.00

18

[-24

.00

freq, GHz freq, GHz
-------- Predicted mwmmes==s Pradicted
Measured Measured
'-. ; .ab - -
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Real MMIG Designsi— Eabricatedion the samewafer:

A Reticle contains a few
circuits, stepped and repeated
across the whole wafer

All designs went through
the same Wafer Fab Process

1) Used a standard 2) Used a DFY Based
design technique design technique
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OurGoallisito)Create: Something like: U/ G 2

Mixer 1 Mixer 2

U/C 1 U/C 2

DFY Based Design Technique

K-band Up-Converter Mixer Macrocell - Conversion Gain K-band Up-Converter Mixer Macrocell - Conversion Gain

12
W R i _
S gloas ——-J3 /0 - 1-ICTC"  — 3 s 100% Yield
= S—— ——:::iih' """ e ez =
g : i SO | : : . ; 0 . — : | . : . .
20.18 20.68 21.18 2018 20.68 21.18
freq, GHz freq, GHz
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dihe DEY.Process for NIMIG

Obtain process parameters

4

Statistical device model
or actual measured
parameters

1

Start nominal design

4

Optimize design

Monte Carlo Yield analysis

] DFY Tools
Sensitivity histograms
find sensitive network
||
Sensitivity analysis
||

Design Of Experiments
L (DOE) - find sensitive
network

Fix Design

B

Design centering /
yield optimization
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Iypical Process Yield Curve

Example: Amplifier

Mean value of Gain =15 dB

-
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Example ofiaiSixiSigma Robust Design

Process Width = +/-

Specs Width Cp= Process Capability Index

30
+/- 60 Cp= Spec Width / Process Width
Cp=(USL-LSL) / +/-3 &

Upper [Spec Limit

Process Width, +/- 3¢

__» LSL USL

Lower SpegLimi | Specification Width, +/-6 o | Agilent Technologies




This curve could represent
a foundry’s output of 100,000 Driver Amps with Gain=20 dB (+/- 3 o0 = 6 dB)

Number of Chips
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Example — Six:Sigma Design

100,000 Driver Amps with Gain=20 dB (+/-3 o = 6 dB)

14 17 20 23 26
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Iypical Process Yield Curve

100,000 Power Amps with Gain=20 dB (+/- 3 0 = 6 dB)

."ﬁ‘.
7, o :
Q[ - -
= - % Spec=20dB +/-1dB
&3 . = Yields about 65%
o - .
E = ] Tighter Specs;
g _." "._ Many failed parts
= B y T

Process Width, +/- 3o
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Make: the Process Yaeld Curve Narrower:

100,000 Power Amps with Gain=20 dB (+/- 3 0 = 6 dB)
Change Design to Yield Gain=20dB (+/-3 0 =2 dB

: N\
j i ______ i s PR
f % _-": Yields about 65%
_ﬁ.ﬁﬁ_ _______ ______________ ________________
A\
/1 A\ .
AN
Process Width, +J- 3¢
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Our. Goallisito)Create; Something|likerAmp2

Wafer Probed Measurement of Gain and $22 Wafer Probed Measurement of Gain and $22
16 30 16 30

14—---------------------
-----

12
10 10 12
8- 8- 16
= (=% = [=1
= o _ o
S [% 8 )
@ 6 -0 ~ @ 6 -0 S
g ] CE >
4- -6 44 | L6 —
--12

18

|24
A;'bo 725 750 775 800 825 850 875 900 925 950 875 '10.0030 : 8.00 825 850 875 900 925 850 975 'w.oo30
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oo o w Pradicted o wimiw mmmin | Pradicted
Measured Measured
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Ampiis&cAmp2 = Yield Distributions:

ng

((z'z)s)ap

dB(S(2.1))

Amplifier 2

Ampilifier 1
10.5 12 135 138 14 142
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4 . Curve 1
A 4> Original Design
Final robust design Final, centered QUT’VQS 2,3
{hot centered) Robust Design FIXI"g the Design to

achieve Robustness

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Curves 4

Further improvement
towards achieving
Robustness

Curve 5

Final Shift the
Response by Design
Centering to meet
Specs.

12dB 13 dB
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dihe DEY.Process for NIMIG

] DFY Tools
Sensitivity histograms
find sensitive network

Obtain process parameters

1! N
Statistical device model Sensitivity analysis
or actual measured | |

Design Of Experiments
L (DOE) - find sensitive
network

parameters

1

Start nominal design

1 Fix Design

Optimize design -

a0 Design centering /
yield optimization

Monte Carlo Yield analysis
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YaeldiSensitivity Histograms (YSH)

Yield analysis Data are post processed via built-in AEL
Expressions to extract and display YSH results and more...

YSH display yield with respect to each element variation.

YSH provide insight to how sensitive the design is with respect to
each of the design’s elements.

YSH help designers to pinpoint the sensitive RED X parts in

their designs. As a result, designers make decision to replace
these parts with “tighter tolerance parts” in Board application (OR)
create “less sensitive matching networks” in IC designs.
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Example: VCOIDesign
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Statistical Analysis of Oscillator Performance
Sgecs - 21 mansumd BFQET transistors

Pout > 4dBm
P_Noise < -85 dBc @ 10 KHz
1975 MHz < Freq_Osc < 2025 MHz
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- 5% uniform variation in lumped component values




VGO — Yieldiatter Optimization — 37,9, %

Statistical Analysis of Oscillator Performance
- 21 measured BFQG67 transistors
- 5% uniform variation in lumped component values

30 35
25 | 30 N
@ o0 | H o 257 T
() ()
= — = 204
5 15 a 3 L
a % 15—
= 10~ 10
- £
I B o o o B . rrryprrrrprrrrrrrrr T T T T T T
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Oscillation Fregquency Fundamental Fower, dBm

NumPass
75.000

NumpFail
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K 37.500 | ) -
30 ]
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iterations that failed

to produce an oscillation .
10
NOOSC | r‘lﬁ —’_’_I—\
] —Tr
T T T T I T T T I T T T T

-100 -0 -30 -70
Phase Moise, dBciHz

MWC Iterations
|

S Agilent Technologies




Agilent Technologies

=
L -
(C
e @ [ XX
n e.e
Ty Iy}
[a¥} X} Iy}
Q) 3B
Il Ly |
I Il
= # =
—a.8 ——— 11 —T2.75 =] = o
whd i = = b
a5 FR] - | I |
: O o O
g4 4 55 iT} W i1}
£ =1
3 [=.85 =1
N 53 _ b res — m s_ m
L [T ] 5 [ | |
- L - = =
la.e 2 1 8 s E Fe.e 2 - 4 ]
F R - B} - o H o
= ] I L
a.1 - L
L W ) La 7g W [ 2.55 W\ " o =t o
loa % £ w 3 1 1 n
| = H Fa7 = Fesg =
e o I m I ; H
3 [o.a5 = -
wid L=.a L4 Ba — "
N F
LI e e o e e T —rrrr—1T—11—+4.55 _________ﬂ.u....u
v SFEFERTRETS TIIITIIIIE gPEEERIRRT i
B Fada® HEL Bada® HEL T aln® HEL ] o ]
3] - i
L4
S — —_——/ ' 3.95 q.105 Il I |
L L}
S 1.03 1.0 .14 c c C
H a.103 = = =
. [ b 3.15 " = M_ = =
n : ) £ paaE % o d o
Tt o ERE T Loaan T 5 T o o
I ) 2o = o =
Fass 5 -
% : aas 7 d ram 54 tn t tn
-0 4g W ) ' D = | | |
W ) M H oo o — r "
Fasr 5 R ¥ h o
2 2 lo.asa 2 o o
Fa.se Z seg = z u w u
: - a4 = w1t [}
a.%5 A n P
_ i 2.5 la .48
1 =
d O 1.%3 rrrrrrr—2.85 ____u____u____ﬂﬂ:..uam -
— EFERERTREC" BFEFERIREE" BRRRERIRET L
e Fal0n® THEL G alnk HEL Badal THEL
—4 75 —
. — 2. 5.4 8
] 57K L1
[ 2.7
Y -4 .85 7.4 e
W HL:|
|4 pn H L 585 50.5 N
: - . v o] W
e - a o _H.._ 6B.4 = “ FL .W
e L H =y T
— ;. w_ u i m ] 555 & a LT H
: W ] { m ssa 7 4 sga 7T
Faas 2o [ 2.55 W ) . W : mEW m
E 5
) mm . m ma 3 ® ma g
£ [ =, 2
: R il
4.3 [2.45 53.4 a
585
g
___u_____u____u_u...Mm LIS L L __________uu.u LI e
=]
WWMTMWJHH1 mﬂﬂmﬂﬂ-ﬂ.ﬂmm m ﬂﬂﬂﬂﬂﬂ MWHWHNMHHWH
Al THEL Fadnb HEL Fala® "HEL Lada® "HEL




VO — YieldiSensitivity: Histogram for LLres{

MD'F_T{:-{:H = pf_%Specd_avar Y pf_Specl_avar ¥ pf_Specd_avar
YSH_EIV{:IF = Yfﬁ"d_EIEI'IEI{D'F_TGtﬂ'. '1'1'] Change "pf_Tgtal' to "pf_SpecZ_avar' if you like to see
the senaitivity waraus Spee? {which i3 the fregueney spec).
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Higher Yield by controlling|LLresd +/-1556

Statistical Analysis of Oscillator Ferformance

- 21 measured BFQGT transistors
- 5% uniform wariation in lumped component values
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YieldiSensitivity Histogram oficontrolled “Lresd ™

YSH svar

100

=elg] =var = Lres

Change the name of
component to see

the vield sensitivity
versus the component
vallle.
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B~ B A A A A A A& A A oA oA A
o o ch o noon oo ghonnh o g oy 5y Ol
b BB == O g o9 o = = Q@ w o o o =
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I
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Component Value {determined by "svar’

IL_nom = 4.560 nh_+/-1%
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Notice now, Cresi hasinegative effection Yield

YSH _=var
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Controlling|Cresilincrease: the Yield to,905s

Statistical Analysis of Oscillator Ferformance
- 21 measured BFQET transistors
- 5% uniform variation in lumped component values
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Now wedon‘t: seerany.more Red X& components
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What:we: LLearnedifrom this; VGO Example

Yield Sensitivity Histograms (YSH) helped us pin

point the source of the yield problem in the design
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dihe DEY.Process for NIMIG

] DFY Tools
Sensitivity histograms
find sensitive network

Obtain process parameters

1! N
Statistical device model Sensitivity analysis
or actual measured | |

Design Of Experiments
L (DOE) - find sensitive
network

parameters

1

Start nominal design

1 Fix Design

Optimize design -

a0 Design centering /
yield optimization

Monte Carlo Yield analysis
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sensitivity: Analysis, — How dees It Worke.

¢ Change the part’s nominal value by 1e-6 and
monitor the change in the response (R).

° Example for capacitor, C1 with response R
® Perturb C1 by a small delta: C1’ = C1(1+1e-6)

Sensitivity= AR/AC

Sensitivity analysis is local. It
changes one part at a time.

YSH has wider variation and
changes all parts together.
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sensitivity: ofi S22 to)all Capacitors

1 Note: C6 here is a Red X component

1 Note: 522 Goal is very sensitive to Qutput Capacitor
-- Cb is a very sensitive element

S22Goal

-4Input Matching
Network Elements

b Interstage Matching Elements

ching Network Elements

ng

yorew nduj

C7:

new y

= = =

= = =

= x =
C1 = C8 : C4 :C6

= &

= - s

27 3 o
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dihe DEY.Process for NIMIG

Obtain process parameters

4

Statistical device model
or actual measured
parameters

1

Start nominal design

4

Optimize design

B

Monte Carlo Yield analysis

] DFY Tools
Sensitivity histograms
find sensitive network
||
Sensitivity analysis
||

Design Of Experiments
L (DOE) - find sensitive
petwork

Fix Design

B

Design centering /
yield optimization
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A Brief Tutorial on

Design of Experiments (DOE)




DOE — A Briefiliutoriali— 3ielementsiMMIG

Microstrip Line
W=10 um +/- .5 um "N

' R=R_nom +/- 5%

C=C_nom +/-5% —I—

Agilent Technologies




PDOE — A Brief liutoral

Start by choosing variables that affect the response

Choose three variables with their +1 and -1 :
Width of lines (W) W=W _ nom % .5 um
Resistors (R) R=R_nom * 5%

Capacitors (C) C=C _nom 5%

Example: For a 10u wide line, W=10 um
-1 corresponds to 9.5 um
+1 corresponds to 10.5 um

0 corresponds to nominal value, 10um
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Main| Effect of:Capacitors; G on Gain

W R c Gain Average gain for C=-1
-1 -1 -1 12.85 13.7725 dB (yellow)

1 -1 -1 13.01

-1 1 -1 14.52

1 1 1 14.71 Average gain for C=1
-1 -1 1 12.93 13.86 dB (blue)

1 -1 1 13.09

-1 1 1 14.61

1 1 1 14.81 Slope= .044
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Main Effect ofi Resistors, Rion Gain

Gain

Average gain for R=-1
12.97 dB (blue)

Average gain for R=1
14.6625 dB (green)

Slope = .85
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Plotting Main Effects ofi G and K

Amplifier Gain

15

14.5

—
=9

13.5

-
(7]

12.5

12

Main effects of R and C to the Gain

o~ 14.6625

13.7725 / 13.86

-1 1

Low to High variation in Rand C

MMIC
R=Ro* L/W

W

+/- .5 um

Increasing W
reduces the
Sensitivity
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Interaction Effectiof: (W and R) oniGain

W R C Gain Average gain for W*R=-1
1 P P 12.85 13.8075 dB (blue)

1 -1 -1 13.01

-1 1 -1 14.52 _

1 1 P 14.71 Average gain for W*R=1
-1 -1 1 12.93 13.825 dB (pink)

1 -1 1 13.09

-1 1 1 14.61

1 1 1 14.81 S|Qpe = 0088
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Plotting/interaction Effects;ofiVW and R




Obtaining the Rest ofithe Coefficients

Term

Coefficient

Constant (nominal gain)

Construct a linear equation to represent the

experiment results.

13.8

.09

We calculated
these three
coefficients in the
previous slides

Gain=13.8+.09W+.85R+.044C+.0088WRH+.....etc.

Page 52
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Display: AllLEffects on aiPareto) Chart

0.6 1

0.5

04 -

0.3 +

0.2 1

0.1

Contibution to Gain Variability

0 B I I e I I
R c W R'C W'R w'C W'R'C

DOE Terms or DOE Variables
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DEY tools allow deS|gners to find the areasiin/the design

DFY Tools
Obtain process parameters Sensitivity histograms
' find sensitive network
1 | |
Statistical device model Sensitivity analysis
or actual measured ‘ | |
Design Of Experiments
rameter
Parameters Y (DOE) - find sensitive
1 network

Start nominal design

1 Fix Design
(rmoe )

Optimize design

- Design centering /
yield optimization

Monte Carlo Yield analysis
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DOE INTERACTIONS
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DEY=DOE

Another DOE Example with 5 variables:

1. Width of lines due to process - +/- .5 microns

2. IMN_C1 (Input Matching Network) C1 +/- 5%
3. IMN_R1 (Input Matching Network) C1 +/- 5%
4. OMN_C1 (Output Matching Network) C1 +/- 5%

5. OMN_R1 (Output Matching Network) R1 +/- 5%
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‘Open the Design file: I want to study the sensitivity five
elements that could affect the

“E_LNA_DOE2_on_five_v output results: IMN C1 and R1, OMN
ariables C1 and R1, and line widths

. [G] an [E=] V4R [&] veF
°The five elements we o v s
want to run DOE on are: W IMN_R1=2 {d} OMN_R1=20 {d}

W2E=25(14+3)

°IMN R1 IMN C1 WB0=3T(1+) i
- - DOE Analysis
¢ Line Wldths IEEEEE on o variables: line widt¥ +- 5 u
s=l {d} ItM_C1 and BT, OMM_RT and C1 +- 5%
* OMN_R1 OMN—C1 >

“Notice the variable x that
| have created. As x
changes, all line widths

will change +/- .5 Page 57 Agilent Technologies




lly

ICa

ABDOnteraction)

[IE:]

— ADEjnteraction)
- AOMN_R1Y

- BEInteraction)

L DiIMH_C 1)

| ABlnteraction)

designlnit

| ABEinteraction)

- AEInteraction)

Agilent Technologies

dezign'ariables
|
-0 -0% 06 -04 02 00 02 D4 06

— Ex)

T _ T _ T _ T _ T -l - l-
BrOkAM_C17 L : )
spays g oads7rs
gjoaya g oadsZEs

|
_m _% _L _.ﬂ_. _m _.ﬂ.

Lo ]

Bl

lay will pop automat

oled oads Frs

isp

CO{jrteraction)

- CHInteaction)

— ADEjnteraction)

L COMMN_R1)

— ADnteraction)

data D

dezignlnit

IS

— AEInteraction)

|- DEinteraction)

Page 58

dezign®ariables
|

L DN _C 1)

B

-0 08 06 04 02 00 02 D4 06 D8

done, th

___m____%___t___

=
=
=

0.014

ACOMN_R1Y

[=1 L=

-0.00%

|
_m _% _L_L _..&_D

oo

Gl

_ spaya qoeds 4p)
oladed Jads 4p slayary oads” dp
BO(rteraction) spas 3 03d3 4N

1.0

| AD0nteraction))

— DHEInteraction)
— BEInteraction)

— AEInteraction’).

— AB(rteraction
— BrOmIM_C1)

L D(IMN_C 1)

_ulmo&

|
_m_n__m_n__nkn_gz&:

=] [}

ion is
Wariables

ign

des
T 1 11
deszigninit

o0& 06 04 02 00 D2 D4 D6 DB

100

olated Jads e

0158
010

4 g 4

0.20

[=
o

When the simulat

sloayay dads uea




100 /

un}
T

~/|_ine widths have
little affect on Gain

pec pareto
3
|

i
T

Gain is mostly

an =

20—

affected M B
OMN_R1 PR 22 5 52 8 & B
desi;‘v‘aiﬁble? - =
0.20
Increase OMN_R1 9 o1
by 5% reduces the 5 on
gain by .14 dB g i
Decrease OMN_ R1 &
) o -0 i
by 5% increases the owod N
. -10 08 06 04 02 00 02 04 0B 088 1.0
galn by 14 dB designlinit
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NF is affected by
OMN_R1 and line widths

ME_Spec pareto

IMN_C1 doesn’t
have an effect on

(especially of the IMN) ]
o]
0 e
g £ 2 8 & 5 2 &8 B 8
Effect of OMN_R1 and RN O - A A
Line widths on NF are = 2 2 g 2 2
designVariables
correlated — they both . )
have the same slope ggs
588 0%
368 7
J_lLLlLLl 0,000
=== .
-I:I_EIEIE_,||||||||||||||||||
10 08 08 04 02 00 02 04 0B 08 1.0
designlinit
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G0
o ED—_
IS22 is affected mostly by =
IOMN_C1 and Line widths: s
LT
o T
C1 adds 2 dB to S22 =Tz 222 2 8B X% B
Line widths add 1.5dBto S22 ¢ & @ i : 12 ¢

designvariahles

There is an interaction
effects between OMN_R1
and Line widths

522 Spec B effects
527 Spec E effects

'8|||||||||||||||||||
-0 -08 -06 -04 -02 00 02 04 06 08 1.0

See neXt page designlnit
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Interaction effectsibetween ONMN| R4 and|Line:widths

10)S22
-2
_3__ DesignUnit E=+1 level=1.000
-4 Relationship trend changes
] Eand A=0 as line widths changes
Interesting!!

. DesignUnit E=-1
_ level=-1.000

S22 _Spec. AE.interaction_E
o

-1.0 -08 -06 -04 -02 00 02 04 06 08 1.0
designUnit_A

If OMN_R1 is high and Line Widths is High, S22 gets worse by 2 dB
If OMN_R1 is high and Line Widths is Low, S22 gets better by 2.3 dB
If OMN_R1 is low and Line Widths is High, S22 gets worse by 1 dB
If OMN_R1 is low and Line Widths is Low, S22 gets better by .8 dB
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NESimulationiofithe Vanious: Matching networks

NF (dB)

LNA Noise Figure for Four Different Noise Matching Networks

T,-" e e e e e e e e
B /
—— Topology 1 /
f - Topology 2 )
—~— Topology 3 //
4 —«Topology 4 /
3 \\ /
1 */4_\7\“9
W{ sing'e Line Matc
I:I ] ] ] ] ] 1

2 22 24 2.6 2.8 3

Frequency {(GHz)
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B

- Different Topologies produce different yield

» Selecting low Q topologies is a must.

* YSH help you find where the problem is
coming from.

 DOE analysis help you find the sensitive high-
Q matching networks and interactions between
them
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Creating RebustiDesigns

Matching Utility Tool in ADS
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ADS Matching liool

m [ Test_Match_tool_prj ] Matching_tool_study2 * (Schematic):3
File Edit Select View Insert Options | Tools Layout  Simulate  Window  Dymamiclink  Grids  Local Power _Sim DesigniGuide  Help

Electronic Motebook. .. =
+2 -2 = = | i | A
Ol & @] B il 8|8 ||| m]:
| |@| | r'] Custam Library » Céb Céb e | Do G + LA {lD E N
Digital Filker r L = ..v\,.-l il
i = | 2| | i ] =
IImpﬂdance Matching Encode Desins... {:}* = ﬁ ﬂ \_ ;ﬁi Ll JJ IE
. . IC-CAP Imnpork 4
-E- -E- LineCalc »
MTCH | MTCH Smith Chart. ..
i@_ "3 E Impedance Matching. ..
wTcH | mTcH Model Composer k 3
{@E ¥ Metlist Export 3
e HJHSSHt-:h z Spice Mu:u:le.l GEneratar » = —
e User-Compiled Model rEo | @ S-PARAMETERS |G @ g oo
= h|——F
vktch | TLMtch Check Representation, .. | 5_Faram GCS_BZPZ_Include
SmFdmmal SR Include
EmEammal  Hierarchy. ., mﬁ_ﬂJS) Start=3.0 GHz hlodel=BIC
‘ Stop=4.0 GHz HBT_TEMP=25
Infa... Step=.1 GHz
Identify. ..
Component Paletke Configuration, .. MTCH
Term Hat Key ' Toolbar Configuratian. .. " staged_stability Dé_LCBandpasshd ateh_td atching_tool_study2 i
s~ 1 DA_LCBandpassh atchz L‘”"‘_zz
Hum=1 Data File Taal, . Z:EE_Dhm
Z=50 Ohm
Connection Manager Client. ..
= Export A0S Pralemny Design L4 =
= Instrument Server... Fimunltancnns Wateh Innnt Reflastinn I':npffinipnﬂ
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ADS Matching liool

| | P [ | i, T | ‘ G [ == Eiceient | [t | nr 1 | TTTTe | L) e | i = TsT "Il
|Impedanct: Matching j |r J @l |~ H“ME {ﬁl | | |
E | i Impedance Matching Utility - |I:I|_|
MTCH | MTCH File Tools Miew Help
Ak 3L
MTCH | MTCH # [ |**D| ><| EIEI |
Ed a
E H=".._‘ Current Schematic SmartCaomponent
LEMtch | S5Mtch -
= . - - |l I[ Test_Match_tool_pri | 3 j ID.-'i‘-._LEEandpassM atchl j a4 ]BDEC_P]EU de-
e | e —_—
Oy¥Mtch | TLMtch = || Current Design SmartComponent Capability _BZPZ_Include
Lé? |Matching_tool_study2 |Design, Simulate, vield, Display J;IE=UEIII2
_ _TEMP=25
| b atching Asziztant | Simulation Azsiztant I Tield Azzistant | Dizplay Azsigtant
b atch DesignGuide: SmartComponent Overview
1. Place a SmartComponent from the "Match DG" palette atching,_tool_studyz Te
[azcessible from DesignGuide toolbar ar men). - ;E
u
2. Dezsign SmartCampanent from the "k atch Azsistant’ ar "M atching Asziztant' tab. |
— 3. Set SmartCompaonent simulation frequencies from the "'Simulation Asziztant' tab. -
The “Autamatically Dizplay Bezultz” option contralz automatic launching of dizplagp
following simulation. The “Automatically Set Frequencies' button zets simulation
frequencies based on design specifications.
chstone SFPAR
= process was taken
4. Simulate SmartComponent fram the *Simulation Assiztant’ tab.
g iconplace )
B, Metwork sensitivity to component tolerance can be assessed uging the '"ield Aesistant pt wie can find a matehing topology
tab. The "rield Azziztant' can alzo optimize your netwark: far masimum wield.
B. [If, during any zimulation, you choze not to “Automatically Display Besults," you
may open the dizplay from the "Display Azsiztant™ tab,
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ADS Matching liool

# [ MATCH_TOOL_PR1 ] DA_LCBandpassMatchi_Matching_tool_study2 * (Schematick:ig = = R
File Edit Select Wiew Inserk Options Tools  Lawout  Simulake  Window  Dwnamiclink  Grids  Local  Power_Sim Designiauide  Help

oy
=1 O = | 2 il

=
=

+& -z o= = il
Q| QS| T
.

+*
i
*

Impedance Matching Utility:18 ElL | "

- of 19 nebwork.z
=]

b aximum Pazsband Errar
|I].I]435EI db

Component List

| 0| 1=

[nput Part ;I
SLC SE L=4.954724 nH C=40R 277042 fF

CAR PG C=3.022624 pF Co

G P o .19 matching networks choices
IND PG L=152.115737 pH
IMD' 5E L=120.604333 pH
Dutput Part

|
ﬂ - azign fesistant
— o approprigte DezignGuide U=ar hanial -
Select I EDDUI‘I‘IIZE I Optimize &l | S e
.

ae | st N I T
- _ Farameters="#3 GHezdd GHeA0M dBRSHORST Ohma T iHAT pFA(50+"50) OhmAZ Source s 1pds(1,1 WO#I#S0 Ohm# 1 nHA 1 REACTOOT oty OhmiZte
LIBHA 'ﬁlns . . - . - - . . . . . . . . - . - . - . . . . . . - . - . - . . . . . . . . - . - . - . . . . . . N
L L L
. L1 . . L Lz Co e L4 Lo
Lm0 &SR CUogBsEpH
TAPER F=1e-12 Ohm \ 1L F=Te-12 Ohm E=1e-12 Ohm
. < } - U N 1 =YL = T ( >
Hym=1 =2
CHum=1 | ‘“’E R Hum=2,
e 3 L
C=3.022624pF . . . . . . L=162 115737 pH.
F=1e-12 Ohm
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ADS

Matching liool

Iy
immai
Immal=sm_garmr

Stept: Sir

Step2:
Step3:
Stepd:
Steps:
Steph:
Step?:
Step 8: TE

i Impedance Matching Utility

File Tools Wiew Help

=101 x|

o | || =1 [=0] x| |

Current Schematic SmartComponent

I [ Test_Match_tool_pr | 3 j I D& LCBandpasshdatchl

Current Design SmartComponent Capability

B

|Matching_tnnl_stud_l,l2 |Design, Simulate, Yield, Dizplay

Overview | Matching Assistant  Simulation Assiztant | “ield Assistant | Display Assistant

Automated SmartCompaonent Simulation

. . b Term
Simulation Frequency Sweep Term?z
Hum=2
Start E IGHE j v Automaticaly Dizplay Results =50 Ohi
Stop |4 IGHE j Automatically Set Frequencies l
Skep |.1 =

|GHz =]

Mummn. of Paoints [11

Simulate | Create Template | | pdate Eram Template

Help

Helps

hing topalogy

"Simulate’
"Create Template"
"lUpdate From Template"

automatically zimulates selected SmartComponent

Page 69

creates a zimulation kemplate for manual SmartComponent zimulation
clozes the manual template and updates SmartComponent parameters
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ADS Matching liool

Page 70

% Elandpasg Matching Network Need Help? Elease zEg the Utilli‘q.r Usler I':.ﬂanual :
Display Azsistant for complete instructions on using this Display Assistant.
— Impedance Matching LLiility
@ -0.005
M1 | Fpi (HD FpZ (GHz =ain Change |
@ -0.010- Input Parameters | 2.000 | 4000 | 0.000 |
@ -0.015 | Gain at Fp1 Gain at Fp2 Max FPB &ain hdin FB Gain |
—_ -0.020- Ferormance | 0044 | 0.029 | 0.006 | 0044 |
B o
Eass) E, 005 | F (GH=) 511 (dB) 5112 521 (d8) |
P M arkcer b4
:5%3;; v 003 | 2.0 | -26.18 | 0.00 | -0.101 |
| F(GHZ) 511 (dB) 51112 521(dB) |
-0.0354
b harker b2 | 200 | 2001 | 0.0 | -|:|.|:|4|
-0.040
i [ PB: Passband
\ 0.043 I T T T T T T T T T Fp1: Loweer Passband Edge
2.0 3.2 2.4 2.6 2.8 4.0 Fp2: Upper Fassband Edge
O freq, GHz
/l> bagnified A->B Magnified A->B Fassband Fpi-:Fp2
-m 0.00 0.00—
O = = 0023 = 0023
= h=1 7 = .
Q e S 0033 M o3
—— B -0.04 -0.04
- 1T T 1T 7T 17 1T 1T -0.03 T T T 1T T T T T 1 -0.05 N I S R R B —
3n 3z a4 35 iz i 30 32 34 36 38 40 3.0 32 34 36 3g 40
freq, GHz freq, GHz freq, GHz
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ADSiMatching ool (SetYield Specsiand liolerances)

» Impedance Matc
File Tools ‘Wiew Help
o || 2= x| | 2
=
Current 5 chematic SmartComponent lrﬂ;ﬂ”) @ IE: = |
{[MATCH_TOOL_PRJ | 18 | |pa_LCBandpassatcht =l
Current Dezign SmartComponent Capability
|Matching_taa|_study2 |Design, Simulate, *rield, Dizplay
Overview | M atching Sssistant | Simulation &ssistant 1ield Assistant | Digplay .-’-'l.ssistantl - 0 _H__f
Automated SmartComponent rield Simulation - -~ |
ield Frequency Sweep Statiztical Components s .
=
Start 3 = - a2 T |
| JeHe =] 5] mmal=srm_gamma(s)]
Stop 4 foHz | |cz
L2
Step [10 [MHe =] i3 hd
Num. of Points |10 | "iew Components I
Automatically Set Frequencies | Set vield Spec/Goals | # Simulations i Iterations ! Matching_tool_study2
[+ dutomatically Display Besults [ Yield Optirmizatian |2ED |1 0 zl
Simulate I Statistical Component ¥alues : ﬂ
Helps Companent Stat Mominal 'V alue Statiztics Opt Haominal ' alue Optimization
— — 495 nH stat] uniform +/- 5%} 495 nH iokeE
Simulate' or "Optimize
"Create Template" [N 40588 fF stat{ uniform +/- 5%} 40533 fF none
Close Template C2 302 oF stat{ uniform +/-5 %} 302 pF none
L2 520.45 pH stat{ uniform +2- 5%} 520,45 pH nore
L3 15212 pH stat{ uniform +/- 5%} 15212 pH norne
L4 1206 pH stat] umiform +/- 5%} 1206 pH none
1 | i = .
— — Agilent Technologies
Yiew Statiztical Components | | Modify Statistics/0 ptimization I Close I




ADS Matching liool

| =21 =] N B @I *%*I """ | C&l'%l@l@l Ay

sMatchl Matching tool study? § § .'ﬁ .é =8 fﬁl
n‘ n‘ L
Meed Help? Flease see the appropriate DesignGuide User hanual
k YI.ELD SENS|T|V|TY HISTOGRAMS for complate instrictions on L?sF:ngpthls Dlsplg'gr Assistant. The Display
Dlsplay Assistant fesistant Chapter provides general-use instrictions, and speaifics
DesignGuides for this Dizplay Scsistant are found in the componant documentation.

B vari=Cc1.C Emar2=Cc2.C

Set GoalfSpec Parameters

B cparm1=GT21 EngSpec!=2dB
EMlessThan1=0 [EmMgF1=3 GHz

Type 1o the £pec freqne Gy wilth SE20cEed ke 0l Spec S FaENEET

B S|@ &

EI{GITE1 S, LeZzThaw =0, 5peci=3d8, F1= 1 GHT
Il setpars res bold 2 w@es of 521 g Ik tian
3dB ¢z at1 GHz.

Hok:
e Hthe 1 & mm lvation 1rez adaa Mk peare e GT
InsEad ot (e GT21 Ether tian =2]

Yield Results
B vard=12 L
Overall_Yield
228

e MYk k Incivks 3l spcs Trom the vk K £ maEtion

Yield at F1
&1

Eol0]s|=|AE]
d

VieK_TtF1 cindes o by the Bbove setspecs

ATEED AT wdeER wdSE SRR w3GE SAEGR RASE SEED Saif R RIS

Between the red lines is
the 80% confidence
interval for the histogram.

riep| by
mdepipo_cond_l_va_ Y m T
wiepirmn_cond_nl_va Y a )

Mote: Type in C1 as"C4.C", L1 as"L1.1". Do the same for all component names. Must be a statistical component.
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ADS Matching liool

AR | @ |E

MEASUREMENT HISTOGRAMS
Display Assistant
DesignGuides

Meed Help? Flease zee the appropriate DesignGuide User Manual
for complete instructions on using this Display Assistant. The Display
Aszistant Chapter provides general-use instructions, and specifics

for this Display Assistant are found in the component documentation.

o[>l

Fi_perHi=1

Mumber of Occurrences versus Measurement Value

F1

HHEHH;EE?%

I (IR IR RTE NI TR TE RERTA FRER A PR TRIRTRTE RRRTH INET!

-1.1 -0 as a2 ar s 4as RiE] a3 a1z a4 oo o4 oz
Irdepie=s_F1_perHisD

Settable Parameters

Flease use the Yield Sensitivity Histogram
page in order to set desired frequency
aswell as associated 1055 and 5 parameter.

Yield Results

MUmPass

a7

MumF ail
193

ield

23

Page 73
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ADS Matching liool

HNeed Help? Please zes the appropriate Designzuide User Manual
STATISTICAL RESPONSE PLOTS
: ; for complete instructions on uszing this Display Assitant. The Display
DISpla"j ."E".55|5tiflr|t Aszsistant Chapter provides genaral-use instructions, and specifics
DESigﬂGUidES for thiz Display Assistant are found in the compaonent documentation.
dB(SRP) vs Frequency dB(SRF) Statistical Response Plot Settable Parameters

om Flease use Yield Sensitivity Histogram page
o to set desired frequency with associated losg.
o /A’/—/—\\ SRP - T2
15 Type in the deszired fraquancy response

Mote:
If either termination uses 3 data file please use GT
instead of 5 (j.e. GTZ1 rather than 521)

d B=R.P})

mESn +- ofE Slgma
[=]
H
sl e e s b lonn s lparn bovns gy

13
o Yield Results
ﬂ'ma ] S K S S A ten mean_SAF AP +20_SAP | .EAF -E0_EAF
1eq, GHI J0GH a2 -+0E3 .4+
Teq, 3Hx 300GHT oz Z4E3 o4
30GHT 1z -ZBE3 43
30 GHT 4.1 -+5E3 a3
3o 3 £
In this Statistical Response plot, the center line is the averatge 316K o SEE3 az
ofthe measurements, the top and hottom lines are, respectively, the o 3104 a4 “10Ez oz
average measurement plus and minus, one measurement standard deviation.
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ADS Matching liool

% [ MATCH_TOOL_PRJ ] DA_LCBandpassMatchl _Matching_tool study2 * (Schematicklg = = @ : :
File Edit Seleck  Wiew Insert  Options  Tools  Lawout  Simulake  wWindow  Dynamiclink  Grids  Local  Power_Sim Designiguide Help

Impedance Matching Ukility: 18 i ilL w O +z -z - a | L 2t
' TS I Q= e e eV iR A A I =l B R RN

o
g ;I of 19 networks ]
- "y @ 1]
b aziunn Passband Enor j {::"' _é_ ﬁ | \ L“@IJJ @ I;E\_El

HAHME
ID.DEHEH dB

Carmponent List

[nput Fort ;I

SLC SE [=4.980118 nH C=412E34336 [F
FLC PG L=1.30E1328 nH C=3.066402 pF
IMDr SE L=1.081204 nH

IMD PG L=312.013386 pH

Cutput Port

LI —I.r esign Aesistant

— o appropriate DesignGuide Uszér Manual ©
Select I | Optimize ,\J Optirize Al I S
L
LIKE | STEP
LIERA ADS L L
. . . - - - - . . . L1 - - . . . . - - . . . . . . - LS . .
..........E‘ﬁfﬁi“;“gmzaeﬂswr....._........;i‘,:ﬁ?ﬁ;?‘..........
TAPER L |
¢ } —r 4 | B ¢ >
P I I Pz . .
Hym=1to oo 0 00 oo oo e oo Hum=Z.
L=1.306123 nH . . ESDEE4D2|:-F . L312EI199.BE|:-H
R=le-12 Obm_ e R=1e-12 Ohm
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ADS Matching liool

STATISTICAL RESPONSE PLOTS MNeed Help? Please see the appropriate DesignGt
: : for complete instructions on using this Display As
DISp'HY Assistant Assistant Chapter provides general-use instructic
Desig nGuides for this Display Assistant are found in the compaot
dB(SRP) vs Frequency dB(SRP) Statistical Response Plot
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In this Statistical Response plot, the center line is the average
of the measurements, the top and bottom lines are, respectively, the
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ADS Matchingpliool =ilranstormito)Microstrplines
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dihe DEY.Process for NIMIG

Obtain process parameters

4

Statistical device model
or actual measured
parameters

1

Start nominal design

4

Optimize design

B

Monte Carlo Yield analysis

] DFY Tools
Sensitivity histograms
find sensitive network
||
Sensitivity analysis
||

Design Of Experiments
L (DOE) - find sensitive
network

Fix Design

.U

Design centering /
yield optimization
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4 . Curve 1
# 4> Original Design
Final robust design Final, centered QUT’VQS 2,3
{hot centered) Robust Design FIXI"g the Design to

achieve Robustness

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Curves 4

Further improvement
towards achieving
Robustness

1 Curve 5
Final Shift the
Response by Design
Centering to meet
Specs.

12dB 13 dB
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YieldiOptimization (Designh Centering)

Understanding the Mechanism of Design Centering

Tolerance Range

Performance A
(Gain, dB) | |
Performance
Margin
Minimum d e Y —
Performance I” \
Failures

Component Value, Cload (pF)
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YieldiOptimization (Designh Centering)

Understanding the Mechanism of Design Centering

(Gain, dB)
Performance
Design W - _ _ ___¥ _ _ _ 1 Margin__|

Specification

Yield Optimized

: >
Component Value (Cload, pF) ;..
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YieldiOptimization (Designh Centering)

Understanding the Mechanism of Design Centering

Ex. Resistive Divider
‘Design Centering

*Yield Sensitivity Histograms
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YieldiOptimization(Design Centering) - Example

Example: "Voltage Divider”

K
R

Vin . mhm _ VOU_t=Vin* R2/(R1+R2)
2
v_DC 1 ]
e ey — ‘ Rin =R1+R2
L
pecifications: Initial values
4<Vout <5 meet specs
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Plotting the Tiolerance and Acceptance Regions

Acceptance Region

20 Vout=5v

60
Vout=4v

. Tolerance Region
............ Rin=70Q
...... Rin=500

50
40
30
20
10

R1

10 20 30 40 50 60 70 80.
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Monte Garlo YieldiSimulation Results

MonteCarlo Yield Analysis on the Original Ci

NumpFail NumPass
231.000 69.000
80 80
=1 204 =NEN < 204
3 | = |
> 20 g_‘_l_ | “ 204
D UIIII|IIII|IIII|III| I|IIII

I | I | I | | I | I T T
4.04.2444.64.85.05.25.45.65.86.0 50 55 60 65 70 75 80
indep(Vout_hist) indep{Rin_hist)

B Vout_hist=histogram(Vout_Spec[0].20.4.6) g Rin_hist=histogram(Rin_Spec[0],20,50,80)
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YaeldiSensitivity Histograms, — R4

[Flfsvar = R1
Yield Sensitivity Histogram as a function of any selected component
50
45
40
35
|
3 S0
:| 25
E 20
15—
10—
h-
0 | | | | | | | | | | | | | | | | |
M W O W o W oW W W W D W W D W W W W W W
w o 9O = = N KM W s BB G h O D < - 0O 0O W oWw o
th © th © th © h © th © thh © th © t;h © h © th © th O

indep(YSH_svar)
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YieldiSensitivity Histograms, — R2

[Flsvar=R2

Yield Sensitivity Histogram as a function of any selected component

100 ‘
_ A _
20 *s | Yield goes up when R2 goes down
“
. .
‘O
— .
E 60 0“
! | %
L 2
(17 — *
0 40 .,
*
n *
"
20— .
*
. *
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0 [T 1 e
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Design Centerning — Maximizing the Yield

80 We want to maximize the Union of the
Tolerance and Acceptance Regions

270 Vout=5v

60
50 Vout=4v
40

30

20 /S DX 0 N\ €. Rin=70 Q
10 = /7 N\ NG Rin=50Q

R1

10 20 30 40 50 60 70 80.
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Running YieldiOptimization///Design Centering*

Design Centering Results

Example: "Voltage Divider”

=
R«
Vin neRt hm Vout
- /\M/ - 7
¥
.|_ war | VAR
VoD N Eqn | war:z
SR J— R R1=36.4346 3ol st
Vde=10,0 W p— Ry R2=27.9029 jcl 33t
_ R=R7Z Ohm




YaeldiSensitivity Histograms

MonteCarlo Yield Analysis on the Centered Circuit

NumpFail NumPass
13.000 287.000
120 60
100- - 50— 1
% gl - 2 401
= 80 - E 40—_ ~
5' 60 ! 30— —
g 40—_ o 2[1—_
20 -I_L' 10 I'l-
U LI I | | LI I L | T T T | LI | LI D 1 | 1 | | | 1 1 | T
3.0 35 4.0 45 2.0 5.5 6.0 545658606264666870?27476
indep(Vout_hist) indep(Rin_hist)
m‘u’nut_hist=histngram(‘Jout_Spec[D],2D,3,6) mRin_hist=histogram(Rin_Spec[U],20,55,75}
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dihe DEY.Process for NIMIG

] DFY Tools
Sensitivity histograms
find sensitive network

Obtain process parameters

1! N
Statistical device model Sensitivity analysis
or actual measured | |

Design Of Experiments
L (DOE) - find sensitive
network

parameters

1

Start nominal design

1 Fix Design

Optimize design -

a0 Design centering /
yield optimization

Monte Carlo Yield analysis

Page 91 Agilent Technologies




° Design for nominal performance using performance
optimization

® Find the yield

¢ Use YSH, Sens and/or DOE to find the problematic
areas

® Fix them
® Perform Design centering
® Find the final yield.

® Fabricate — Sell — Make Tons of Money and be happy
for ever!
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