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An Introduction to Sonnet

Dr. José Ernesto Rayas-Sanchez

Sonnet EM Simulator

A 3-D planar EM analysis software
= Based on the Method of Moments

= Intended for frequency-domain analysis of planar circuits
(microstrip, stripline, PCBs, and integrated circuits)

= Not intended for completely arbitrary 3-D problems
= Development started in 1983 by Dr. James C. Rautio

= Commercial introduction in 1989

https://www.sonnetsoftware.com/
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Sonnet’s User-Interface
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The Project Editor — Example 1

The circuit is placed on top of the
substrate.

Short circuits

Air Layer
100 mils

Six-sided metal
box

Substrate Layer - 15 mils
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The Project Editor — Example 1 (cont.)

7= xgeom 8.52 - [filtwall.son]
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The Project Editor — Example 1 (cont.)

B Box Settings-filtwall.son

Sizes
Top Metal

™ Lock Lossless -
Box Size 390.0 224.0 [~ Lock

Cell Size

T

Bottom Metal
Num. Cells I~ Lock
Lossless -
Set Box Size with Mouse |
Cell Size Calculator | [ Symmetry
Current Units: mils Estimate Memory |
0K Apply | Cancel | Help |
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The Project Editor — Example 1 (cont.)

M Dielectric Layers-filtwall.son

Thickness Mat. Erel Dielectric Diel Cond i
(mils) Name Loss Tan (S/m) Above...

1 [100.0 [Air 10 0.0 0.0 Below...
15.0 Alumina 9.8 0.0 00

Edit...

Delete

Library...

<]

il

< | 12| Z-Parts

0K | Cancel | Help |
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Setting-up the Analysis — Example 1

M Analysis Setup-filtwall.son

Options
[ Compute Current Density SpeedfMemory... |
[~ Memory Save Advanced... |

Analysis Control

|Adaptive Sweep [ABS) -
Start Stop
(GHz) (GHz)
|4.? |5.5

Cancel Help
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Running the Simulation — Example 1

Itwall.son 5.3325 GHz Finished on ERAYAS-TOSHIBA (Local)
Eile Edit Wiew Run Project Help

e Ee]w]w] (0]

filtwall.son 4 Frequencies Done Time/Frequency: 6 seconds
Subs: 986
Memonry: 5 MB 100%

Status Only <<

Analvsi P leted
¥ ¥ L
View: " Detailed Timing Information r
Respunse Data Run 1: 5Sun Apr 13 13:16:27 2003. Adaptive Band Synthesis. =]

Em wersion 8.52 on ERAYAS-TOSHIBA (Windows) local.

Pre-Analysis:

Subsectioning time: 0.090 seconds.

Errorsf¥arnings

Frequency: 4.7 GHz

Waveguide mode time:

Circuit requires 986 subsections and 5 MB of memory.

0.110 seconds.

Timing Info Matrix fill time: 3 seconds.
Matriz solve time: 0.431 seconds.
Total time per fregquency: 6 seconds.
Batch List Post-Analysis:

Total time for 4 frequencies: 24 seconds.

Analysis successfully completed.
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Showing Results — Example 1

graph 8.52 - [filtwall.son]
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Showing Results — Example 1 (cont.)

i emgraph 8.52 - [filtwall.son]
ﬁﬁ\\e Edit View Graph Curve Project Window Help

Smith Plot

x|E
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Impedance
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filtwall o
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‘ Click mouse to readout data values Painter
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Setting-up the Analysis — Example 1 (cont.)

B Analysis Setup-filtwall-son

Options
[~ Compute Current Density: SpeediMemory... |
[~ Memory Save Advanced... ‘

Analysis Control

|Linear Frequency Sweep j
Start Stop Step
[GHz) [GHz) [GHz)

|4.? |5.5 0.0125
Cancel Help
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Running the Simulator — Example 1 (cont.)

twall.son 5.5 GHz Finished on ERAYAS-TOSHIBA (Local)

File Edit ‘ien Run Project Help

O P BNl

filtwall.son
Subs: 986
Memory: 5 MB

65 of 65 Frequencies Done Finish Time: Sun Apr13 01:28 PM

100%
e . o Status Only <<
¥ ¥ L

Response Data

Errorsfarnings

Timing Info

Batch List

View: [” Detailed Timing Information r

v

Bun 1: Sun Apr 13 13:22:35 2003. Frequency 3weep.
Em version 8.52 on ERAYAS-TOSHIBA (Windows) local.

Pre-Analysis:
Subsectioning time: 0.090 seconds.

Freguency: 4.7 GHz
Circuit reguires 986 subsections and 5 MB of memory.
Waveguide mode time: 0.121 seconds.

Matrix fill time: 3 seconds.
Matrix solve time: 0.420 seconds.
Total time per frequency: 6 seconds.

Post-Rnalysis:
Total time for 65 frequencies: S minutes 56 seconds. Fe

Apalysis successfully completed. -
4 3
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Showing Results — Example 1 (cont.)
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Current Density Viewer — Example 1 (cont.)
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Current Density Viewer — Example 1 (cont.)

- emvu 8.52 - [filtwall.son (JXY Magnitude at 4.7 GHz)]
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Current Density Viewer — Example 1 (cont.)

- emvu 8.52 - [filtwall.son (JXY Magnitude at 5 GHz)]
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Current Density Viewer — Example 1 (cont.)

Dr. J.E. Ra

- emvu 8.52 - [filtwall.son (JXY Magnitude at 5.5 GHz)]
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The Substrate, Subsectioning, and Cell Size

= Sonnet encloses the circuit in a metal box
= The substrate covers the bottom area of the box

= Cell Size, Box Size and Number of Cells in each direction
(X ory) are related as

Cell Size x Number of Cells = Box Size

= The EM analysis starts by automatically subdividing the
circuit into small rectangular subsections

= Sonnet uses variable size subsections (small subsections are
used where needed)

= A Cell is the building block for all subsections, and each
subsection is built from one or more cells

= To reduce memory requirements use a cell size as large as
possible

Dr. J. E. Rayas-Sanchez 21

The Box and the Substrate

Em analyzes planar structures
inside a shielding box. Port

connections are usually made

at the box sidewalls. Vias and
dielectric bricks (not shown)

may also be included.

Dr. J. E. Rayas-Sanchez 2
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Subsectioning

Dr. J. E. Rayas-Séanchez

Em calculates the tangential electric field om all subsections, given
tion. This figure shows the actual
subsectioning for an example circuit.

current on one subs

Subsectioning (cont.)

Dr. J. E. Rayas-Séanchez
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Metalization Levels and Dielectric Layers

= Sonnet Professional can handle any number of metalization
levels

= Metalization is refered to as “levels” and dielectric as
“layers”

= Each metalization level 1s sandwiched between two
dielectric layers

Dr. J. E. Rayas-Sanchez

Example 2: A Double Folded Stub Filter

I'he circuit is placed on top of the
substrate.
Air Layer
100 mils Six-sided metal

box

Substrate Layer - 20 mils

Dr. J. E. Rayas-Sanchez
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Example 2: A Double Folded Stub Filter (cont.)

90 mils +

¢ R 20 mils wv 60 mils
‘ -«

HW 190 mils ———

200 mils

60 mils
90 mils

~g—
20 mils

|< 330 mils »‘

Dr. J. E. Rayas-Sanchez 27

Setting up the Structure — Example 2

B Boy Settings-diolstub. son
Hizes
® ¥ Top Metal
Cell Size . m ™ Lock Lossless -
Buox Size 3300 200.0 ~ Lock
— ———— Battom Metal
Num. Cells 33 5O ™ Lock
: Lossless il
Set Dox Size with Mouse ]
Cell Size Calculator I Symmetry
its? i Estimate M -
Current Units: — mils. 4|’ MIE Wemens Thickness  Mal. Erel Dielectnc Diel Cond AN )
] | {mils) Hame Loss Tan (S/m) Above...
oK Apphy Cancel Help A=
" 100.0 Unnamed 1.0 0.0 0.0 Heloniy
201 Alumina a8 L] oo
Edit...
Delete
Al I 1 ZParts |
0K Cancel | Help
28
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Setting up the Analysis — Example 2

M Analysis Setup-dfolstub.son

Options
v Compute Current Density

I~ Memory Save

Analysis Control

Speed/Memory...
Advanced...

|Linear Frequency Sweep j
Start Stop Step
[GHz) [GHz) [GHz)
3.0 8.0 o.25
oK Cancel ‘ Help

_ 300Mm/s
| ™" 8GHz/9.8

Ain = 11.98 mm = 471.61 mil

A /20 =23.58 mil

Dr. J. E. Rayas-Sanchez

Results — Example 2

Cell size < 23.58 mil

Ll emgraph 8.52 - [dfolstub.son]

ﬁﬁl\e Edit WView Graph Curve Project Window Help -8 x
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Using Adaptive Frequency Sweep — Example 2
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M Analysis Setup-dfolstub.son

Options

¥ Compute Current Density

[~ Memory Save

Analysis Control

Speed/Memory...
Advanced...

|Adaptive Sweep [ABS)

|

Start Stop
[GHz) [GHz)
|3.n |a.|]

Help
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Results — Example 2

Dr. J. E. R
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Results — Example 2

f:- emvu 8.52 - [dfolstub.son (JXY Magnitude at 3 GHz)] X
4 Fle Edit View Parameters Animaton Project Window Help -8 x

BEREEE | e K
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Increasing Resolution — Example 2

M Box Settings-dfolstub.son

Sizes
x Y Top Metal

Cell Size 2.5 2.5 [~ Lock Lossless i
Box Size 330.0 200.0 v Lock

Bottom Metal
Num. Cells 132 80 I~ Lock

Lossless -

Set Box Size with Mouse |

Cell Size Calculator | B ST

Current Units: mils Estimate Memory

OK Apply | Cancel | Help |

Dr. J. E. Rayas-Sanchez
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Increasing Resolution — Example 2 (cont.)

Dr. J. E. Rayas-Sanchez

¥< xgeom 8.52 - [dfolstub.son] |._”E||g\
ﬁﬁle Edit View Tools [ Circuit  Analysis Project Window Help

El2)s %)) Eelss) =mEy -

-8 x
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q ] ]

Click or drag to select objects, drag to move them [ 10x [ 1625 225mis [Pointer

Increasing Resolution — Example 2 (cont.)

g emgraph 8.52 - [dfolstub.son]

ﬂﬁi\e Edit View Graph Curve Project Window Help -G X
=8B EaREE EE)
Cartesian Plot
Z0 =50.0 0
Left Axis
dfolstub_2 [}
2 M 10
DB[S21] o g ™
Right Axis g ]
fempty] n 20
i
t -30 4
u
d _40 4
e
504 -
(dB) (linear frequency sweep,
step = 0.25 GHz)
-60 T T T T
3 4 5 6 7 8
Sonnet Software Inc Frequency GHz
Click mouse to readout data values | Pointer
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Increasing Resolution — Example 2 (cont.)

g emgraph 8.52 - [dfolstub.son]

& File Edit View Graph Curve Project Window Help o |:|"
= =l B VRN = B = =)
Cartesian Plot
Z0 =50.0 0
Left Axis
dfolstub_2 [} M -10 4
DB[S21] -0

a
Right Axis g -20-
[empty] n

i -30 4

t

u -40 -

d

e -50 4

(dB) -60 - )
(adaptive band sweep)
-70 T T T T
3 4 5 6 7 8
Sonnet Software Inc Frequency GHz
Click mouse to readout data values |Poimer
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Increasing Resolution — Example 2 (cont.)

- emyu 8.52 - [dfolstub.son (JXY Magnitude at 3 GHz)]

‘&Eile Edit View Parameters Animaton Project Window Help -3 X

EEREREE: [

| A 5.0 -

Amps)Meter

0.0

| 299 0634, 230.3045

1.0x ‘ Painter
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Increasing Resolution — Example 2 (cont.)

Grid size (resolution) should be defined in terms of 4,

Cell size = 10 mil Cell size = 2.5 mil
0 0 —
M M -10
a a
g g 20
n 204 n
i i -30-
t 30 t
u u 40
d d
e 40 e 504
(d8)™° 1 (dB) 60 -
_60 . . . . -70 T T T T
3 4 5 6 7 8 3 4 5 6 7 8
Sennet Software Inc. Frequency GHz Sonnet Software Inc. Frequency GHz

Dr. J. E. Rayas-Sanchez

Example 3

Bandstop Microstrip Filter with Quarter-Wave Open Stubs

H =25 mil

& = 9.4 (alumina)
W, =25 mil

W, =9 mil

W, =19 mil

L, =95 mil
L,=115mil

L, =114 mil

Dr. J. E. Rayas-Sanchez
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Setting-up Structure — Example 3

M Box Settings-bs_mesqwrf.son

Sizes
Top Metal

x b
Cell Size ]i.l] 1.0 I Lock Lossiess b
Box Sizce I-IZ o Is0.0 ™ Lock
Bottom Metal
HNum. Cells |az? 350 I Lock

Lossless -
Set Bax Size with Mouse
Cell Size Calculator L Ermnety

Current Units:  mils Estimate Memary
Thickness Mal Erel Lhelectne Dhel Cond AN

ok | Apply | Caneel | Help | (mils) HName Lass Tan (S/m) Above...
2 250.0} Unknown 10 0.0 [ Baloacs
0

FIX] Unknown a4 0.0 0.0

W Diclectric Layers-bs_mcsgwrlson

21

T I I | Z Parts

0K Cancel | Help |

Dr. J. E. Rayas-Séanchez
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Structure — Example 3
¥ xgeom 8.52 - [bs_mcsqwrf.son:2] E
ﬂﬁ File Edit View Tools [ Circuit  Analysis  Project  Window  Help -8 x
s BeERERE =E - E
i ]
4 | v %
Click or drag to select objects, drag to move them | 1.0x |51ﬁ(), 313.0 mils |Pmmer
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Simulation Time — Example 3

s_mesqwrf.son 9.9 GHz Finished on ERAYAS-TOSHIBA (Local)

Ele Edit View Run Project Help

5 v EEAE]

bs_mcsqwrl.son
Subs: 1368

Memory: 10 MB

9 Frequencies Done Time/Frequency: 51 seconds

100%

Belbaf full Ioted
¥ b4 P

Status Only <<

Response Data

Errorsiarnings

Timing Info

Batch List

View: " Detailed Timing Information In

Pre-Analysis:
Subsectioning time: 0.180 seconds.

Frequency: 5 GHz
Circuit reqguires 1368 subsections and 10 MB of memory

Waveguide mode time: 0.461 seconds.
Matrix £ill time: 21 seconds.
Matrix solve time: 14 seconds.

Total time per frequency: 50 seconds.

Post-Analysis:
Total time for 9 frequencies: 6 minutes 42 seconds.

Analysis successfully completed.

|+

Dr. J. E. Rayas-Sanchez

Results — Example 3

Cartesian Plot
Z0 =50.0 11
Left Axis
bs_mcsqwrf 14
MAG[S21] | 'm 094
Right Axis a 081
[empty] g 071
"N 06
I
t 0.5 A
u 0.4
d 031
e po
0.1 1
0 T T T T T T T T T
5 B8 7 8 9 10 11 12 13 14 15
Sonnet Software Inc. Frequency GHz
Click mouse to readout data values ‘ Pointer

Dr. J. E. Rayas-Sanchez

22

43

44



An Introduction to Sonnet
Dr. José Ernesto Rayas -Sanchez
May 14, 2020

Current Density — Example 3

- emvu 8.52 - [bs_mesqwrf.son (JXY Magnitude at 5 GHz)] X
B Fle Edit View Parameters Anmation Project Window Help NEES

@ e e8] o ] W0 -

AmpsiMeter

3z

26

22
19
16

13 [ —— ‘ Eaa— F

1 |

9.6

6.4

3.2

0.0
Click or drag mouse to readout data values 1.0x | Painter
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Current Density — Example 3 (cont.)

- emyu 8.52 - [bs_mcsqwrf.son (JXY Magnitude at 9.9 GHz)]
‘{* Ele Edit View Parameters Animaton Project Window Help -8 x

R ENEREE s K

Amps{Meter

31

25

22
19

15

12 i 2]

0.0
|396.5115, 313 5503 1.0x | Painter
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APLAC Model — Example 3

Decl "'S-Parameter Analysis"
eclare
o e ;8?2 1000 FREQ LIN 5GHz 15GHz MSub Alumina_25mi I
WO 25mil ER=9_4_1
W1 omil Show Y Mag(S(2,1)) A=zl
W2 19mil EndSweep
LO 95mil
L1 115mil
L2 114mil
Dr. J. E. Rayas-Sanchez e

Results using APLAC — Example 3

S-Parameter Analysis
\plac 7.70 User: Evaluation Customer: ITESO Apr 09 200

s B
0:50 \ /
0.25 \ /
0.00 \\\““— —*”///

5.000G 7 .500G 10.000G 12.500G 15.000G
f/Hz

Mag(S(2,1)) ——

Dr. J. E. Rayas-Sanchez 48
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Exercise: A Simple Microstrip Line

400

350

300
§ 250

200

Z_(ohms)

(o]

150

«Ifh=0.66 mmand 1
&=09,selectwfora |
50-Q2 line

- Simulate in Sonnet

0

Characteristic Impedance of a Microstrip Line

from 0.15-15 GHz (assume L = 10 mm, neglect losses)

Dr. J. E. Rayas-Sanchez
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