TABLE I

Region of interest for the 

microstrip line example

Parameter
Minimum value
Maximum value





W
10 mil
30 mil

L
40 mil
60 mil

H
10 mil
20 mil
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TABLE II

The SMSM and FSMSM mapping Parameters 

for the microstrip transmission line


SMSM
FSMSM
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TABLE III

Region of interest for the

microstrip right angle bend

Parameter
Minimum value
Maximum value





W
20 mil
30 mil

H
8 mil
16 mil
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TABLE IV

The FSMSM mapping Parameters for 

the microstrip right angle bend


Gupta’s model [11]
Jansen’s model [12]
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TABLE V

Region of interest for the

microstrip step junction

Parameter
Minimum value
Maximum value





W1
20 mil
40 mil

W2
10 mil
20 mil

H
10 mil
20 mil
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TABLE VI

The MSMDR Mapping parameters for the

microstrip step junction 


Target responses are

{Im[S11], Im[S21], Im[S22], Re[S21])}
Target responses are

{Re[S11], Re[S22]}
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TABLE VII

Region of interest for the

microstrip Shaped T-Junction

Parameter
Minimum value
Maximum value





h
15 mil
25 mil

x
5 mil
15 mil

y
5 mil
15 mil


[image: image30.wmf]r

e


8
10

TABLE VIII

The MSMFI mapping parameters 

for the microstrip shaped T-junction 


2 GHz to 16 GHz
16 GHz to 20 GHz
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Fig. 1.  The Frequency-Space Mapping Super Model (FSMSM) concept.


[image: image41.wmf]coarse

model

fine model

space

mapping

f

x

c

x

w

)

(

f

f

x

R

f

c

R

R

»


Fig. 2.  The Space Mapping Super Model (SMSM) concept.
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Fig. 3.  The coarse model (a) and the enhanced coarse model (b).
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Fig. 4.  The Multiple Space Mapping for Device Responses (MSMDR).
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Fig. 5.  The Multiple Space Mapping for Frequency Intervals (MSMFI).
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Fig. 6.  Distribution of the base points in the region of interest for a 3-dimensional space [6].
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Fig. 7.  Microstrip line models: (a) the fine model; (b) the coarse model.
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Fig. 8.  Error in S21 with respect to emTM: (a) by the microstrip transmission line model;

(b) by the microstrip transmission line SMSM; (c) by the microstrip transmission

line FSMSM.
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Fig. 9.  Microstrip right angle bend: (a) the fine model; (b) the coarse model.


[image: image51.wmf]1

6

11

16

21

26

31

frequency (GHz)

0

0.1

0.2

0.3

0.4

0.5

1

3

5

7

9

11

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Error

in 

S

11

(a)

[image: image52.wmf]1

6

11

16

21

26

31

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

1

3

5

7

9

11

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

frequency (GHz)

Error

in 

S

11

(b)

Fig. 10.  Error in S11 of the microstrip right angle bend with respect to emTM: (a) by Gupta’s model [11]; (b) by Jansen’s model [12].
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Fig. 11.  Error in S11 of the microstrip right angle bend with respect to emTM: (a) by the enhanced Gupta’s model [11]; (b) by the enhanced Jansen’s model [12].
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Fig. 12.  Microstrip step junction.
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Fig. 13.  Error in S11 of the microstrip step junction with respect to emTM: (a) before applying any modeling technique; (b) after applying FSMSM; (c) after applying the MSMDR algorithm.
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Fig. 14.  Error of the microstrip step junction coarse model with respect to emTM: (a) in S11; (b) in S21.
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Fig. 15.  Error of the microstrip step junction enhanced coarse model with respect to emTM: (a) in S11;

(b) in S21.
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Fig. 16.  Histogram of the error in S21 of the microstrip step junction for 50 points in the region of interest at 40 GHz: (a) by the coarse model; (b) by the enhanced coarse model.
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Fig. 17.  Microstrip shaped T-junction: (a) the physical structure (fine model);

(b) the coarse model.
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Fig. 18.  Responses of the shaped T-Junction at two test points in the region of interest by Sonnet’s em (●), by the coarse model (---) and by the enhanced coarse model (―): (a) (S11(; (b) ( S22(.
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Fig. 19.  Error of the shaped T-Junction coarse model with respect to emTM: (a) in S11; (b) in S22.
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Fig. 20.  Error of the shaped T-Junction enhanced coarse model with respect to emTM: (a) in S11; (b) in S22.


[image: image72.wmf]2

4

6

8

10

12

14

16

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

frequency (GHz)

½

S

11  

½

(a)

[image: image73.wmf]2

4

6

8

10

12

14

16

0.1

0.1

5

0.2

0.25

0.3

0.35

0.4

0.45

0.5

frequency (GHz)

½

S

22  

½

(b)

Fig. 21.  Responses of the optimum shaped T-Junction by Sonnet’s em (●), by the coarse model 

(---) and by the enhanced coarse model (―): (a) (S11(; (b) ( S22(.






















PAGE  
14

_990005439.unknown

_990010504.unknown

_990011639.vsd
coarse 
model�


frequency-space mapping
�

fine model�

�


_990169347.unknown

_990169436.vsd
coarse model�

first 
mapping�

second 
mapping�

Mth 
mapping�

fine model�


_990211239.doc
[image: image1.wmf]1


3


5


7


9


11


0


0.005


0.01


0.015


0.02


0.025


0.03


0.035


0.04








1







6







11







16







21







26







31







frequency (GHz)







0







0.1







0.2







0.3







0.4







0.5







0.6







0.7







Errorin S11







� EMBED Word.Picture.8  ���











_984237872.doc









1









3









5









7









9









11














0









0.005









0.01









0.015









0.02









0.025









0.03









0.035









0.04






















_990211282.doc






1







6







11







16







21







26







31







frequency (GHz)







0







0.005







0.01







0.015







0.02







Errorin S11












_990211297.doc






1







6







11







16







21







26







31







frequency (GHz)







0







0.005







0.01







0.015







0.02







0.025







0.03







Errorin S11












_990211261.doc
[image: image1.wmf]1


3


5


7


9


11


0


0.01


0.02


0.03


0.04


0.05


0.06


0.07


0.08








1







6







11







16







21







26







31







frequency (GHz)







0







0.1







0.2







0.3







0.4







0.5







Errorin S11







� EMBED Word.Picture.8  ���











_984237255.doc









1









3









5









7









9









11














0









0.01









0.02









0.03









0.04









0.05









0.06









0.07









0.08





















_984244021.doc









1









3









5









7









9









11














0









0.01









0.02









0.03









0.04









0.05









0.06









0.07









0.08






















_990169537.vsd
Lc�

W�

H�

L�

Z0(Wc, Hc, erc)�

(a)�

(b)�


_990169935.doc


















2







4







6







8







10







12







14







16







frequency (GHz)







0.1







0.15







0.2







0.25







0.3







0.35







0.4







0.45







0.5







(S22  (












_990169358.unknown

_990011813.vsd
frequency-space mapping�

coarse
 model�

(b)�

coarse 
model�

(a)�


_990011892.vsd
�

first 
mapping�

coarse model�

coarse model�

coarse model�

fine model�

second 
mapping�

Lth 
mapping�


_990013769.vsd

_990011754.vsd
coarse model�

fine model�

space mapping�


_990011583.unknown

_990011615.unknown

_990011437.unknown

_990010373.unknown

_990010474.unknown

_990010479.unknown

_990010441.unknown

_990005516.unknown

_990005587.unknown

_990005463.unknown

_990005489.unknown

_988126301.unknown

_989158174.doc






2







11.5







21







30.5







40







frequency (GHz)







0







0.05







0.1







0.15







0.2







Error in S21












_990005114.unknown

_990005383.unknown

_990005412.unknown

_990005163.unknown

_989158399.doc






0.0237







0.0442







0.0646







0.0851







0.1055







0.126







0.1464







0.1669







Error in S21







0







1







2







3







4







5







6







7







8







Number of Outcomes







Mean = 0.09264







Sigma = 0.041












_989834388.doc


















2







4







6







8







10







12







14







16







18







20







frequency (GHz)







0







0.05







0.1







0.15







0.2







0.25







0.3







0.35







0.4







(S11 (








































_989834564.doc


















2







4







6







8







10







12







14







16







18







20







frequency (GHz)







0







0.1







0.2







0.3







0.4







0.5







(S22  (








































_989837287.doc


















2







4







6







8







10







12







14







16







frequency (GHz)







0.1







0.15







0.2







0.25







0.3







0.35







0.4







0.45







0.5







(S11  (












_989158567.doc






2







4







6







8







10







12







14







16







18







20







frequency (GHz)







0







0.05







0.1







0.15







0.2







0.25







Error in S21












_989158647.doc






2







4







6







8







10







12







14







16







18







20







frequency (GHz)







0







0.05







0.1







0.15







0.2







Error in S11












_989158609.doc






2







4







6







8







10







12







14







16







18







20







frequency (GHz)







0







0.05







0.1







0.15







0.2







0.25







Error in S21












_989158535.doc






2







4







6







8







10







12







14







16







18







20







frequency (GHz)







0







0.05







0.1







0.15







0.2







Error in S11












_989158320.doc






2







11.5







21







30.5







40







frequency (GHz)







0







0.005







0.01







0.015







0.02







0.025







0.03







Error in S11












_989158360.doc






0.00059







0.00542







0.0103







0.0151







0.0199







Error in S21







0







5







10







15







20







25







Number of Outcomes







Mean = 0.00494







Sigma = 0.0046












_989158228.doc






2







11.5







21







30.5







40







frequency (GHz)







0







0.005







0.01







0.015







0.02







0.025







Error in S21












_989157904.doc






2







11.5







21







30.5







40







frequency (GHz)







0







0.01







0.02







0.03







0.04







0.05







0.06







0.07







0.08







Error in S11




















































_989158008.doc






2







11.5







21







30.5







40







frequency (GHz)







0







0.01







0.02







0.03







0.04







0.05







0.06







0.07







0.08







0.09







Error in S11




















































_989158140.doc






2







11.5







21







30.5







40







frequency (GHz)







0







0.01







0.02







0.03







0.04







0.05







0.06







0.07







0.08







0.09







Error in S11












_989157947.doc






2







11.5







21







30.5







40







frequency (GHz)







0







0.005







0.01







0.015







0.02







Error in S11




















































_989157547.doc






20







22







24







26







28







30







frequency (GHz)







0







0.005







0.01







0.015







0.02







Error in S21












_989157622.doc






20







22







24







26







28







30







frequency (GHz)







0







0.02







0.04







0.06







0.08







0.1







Error in S21












_989157494.doc






20







22







24







26







28







30







frequency (GHz)







0







0.05







0.1







0.15







0.2







0.25







Error in S21












_987866799.unknown

_988126155.unknown

_988126165.unknown

_987877590.unknown

_987877754.unknown

_983720111.vsd
H�

W2�

W1�


_987866243.unknown

_987866249.unknown

_984241276.vsd
L�

L�

C�

(a)�

(b)�


_983461683.unknown

_983461717.unknown

_983523559.vsd
w1�

x�

w2�

w�

y�

h�

MSTEP�

MSL�

T-JUNCTION�

MSL�

MSTEP�

MSL�

MSTEP�

port 2�

port 1�

port 3�

(a)�

(b)�


_970824667.unknown

