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Motivation

= Speeding up the designh process
= Avoiding Brute-Force optimization approach

= Including all layout discontinuities, housing effects, mutual
coupling of the circuit element

= Including complex equivalent circuits and/or nonlinear
components

= Antenna matching networks, excitation of beam-forming
antenna arrays

= Exploiting of geometry symmetries of the structure - splitting up
the 3D model

= Space-Mapping technique
= Quick tolerance/yield analysis without need of 3D EM simulation
= System level simulation
CST
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Standard versus Transient Co-simulation
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Example 1: Filter Tuning

(Standard Co-simulation)

.B
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Spacing between resonators
(S12, S23, S34, S45)

ca cs = 7C Ca N
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(Cio= C2—= 03— )C2=— Ci—
\\____ I L
Length of resonators (L1-Ls)
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Implementation in Design Studio

C3+Cdp fF
Cl+Cdp fF | —= | Cl+Cdp {F
5 fF 4 fF [ . 4 fF 5 fF
e 1 N 1 e
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Co+Cdp fF C2+Cip fF

CST

_

UGM 2009, Wednesday 18t March, Darmstadt www.cst.com .il'

o



dB

-6 -

-80

Optimization Result

S-Parameters Magnitude

VT

____________________________________________________

51,1
¥ 51,1 Opt
-2

4 52,1 COpt

Only Ia few 3D simulations

C1 =58.38 fF
C2 =-5.84 fF
C3=-12.14fF
C4 =-9.52 fF
C5=-1.23 fF

C1 = AL1, ALs

C3 = AL3
C4 = AS12, AS45
C5 = AS23, AS34

""""" C2 = AlL2, AL 4 """"""""

are required!

2.2

2.4 2.5 2.8
Frequency / GHz
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Example 2: Feeding Network + Antenna Array

(Standard Co-simulation)

S-Parameters Magnitude in dB

dBi
1 16.1
13.2 I
1.2 A
9.26 T
7.31 1
5.36 T
D) 52,21 -2381577153 33; :
52,11 -22.87345720 -
51,2 1 -22.87345735 81
51,1 -23.81575274 -3.62
48 5 52 54 56 —6.52 1
5.25 -9.42
Frequency [ GHz -12.3
-15.2
-18.1
-21
-23.9
Type Farfield (Array)
Approximation enabled (kR >> 1)
Monitoy farfield (f=5.25) [S5-Parametersi]
Component Abs
Output Directivity v
Frequency £.2%
Rad. effic. -0.2988 dB
Tot. effic. -8.3587 dB
System [3-Parametersi]: "__..
Rad. effic.  -8.2978 dB X
Tot. effic. -8.3374 dB 3 3 3 3
T 3D model in MWS fed with DS circuit network | csT
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S-Parameters Task: Combine Results

S5-Parameters Simulation Task

Frequencies Combing Results I

— Frequency limitz

Lawwer limit: |3 IIpper limit; IB

— Unitz

' Globalunits " Local units

Frequencies: I GHz i I

— Sirnulation

v Combine results
Block:
| Mw/SSCHEM?T =l

Label: IS-F‘arameterﬂ

¥ Use simulation task's name

| Define Excitation. .. I

¥ Calculate farfields only

X

aF. Cancel

Apply Help

Puart | Amplitude | Phaze / Degres ﬂ
1 1 ]
2 ] 1]

J

Sweeping of the beam
without repeating of the
3D simulation!
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k. I Cancel | Help |
4

Type Farfield {Array)
Approximation enabled (kR >> 1)
Monitor farfield {f=5.25) [S-Parameters1]
Component Abs
Output Directivity
Frequency 5.2%
Rad. effic. -0.2088 dB
Tot. effic. -0.3587 dB
System [S5-Parametersi]:
Rad. effic. -a.2978 dB
Tot. effic. -8.3374 dB
Dir. 16.89 dBi

www.cst.com . Py

CST
e




Agenda

= Motivation for EM/Circuit Co-simulation
= Standard versus Transient Co-simulation
= Standard Co-simulation examples
= Filter tuning
= Antenna Array
= Transient Co-simulation examples
= Peak detector
= SRD generator
= UWB balanced amplifier
= Conclusion csT

11 UGM 2009, Wednesday 18t March, Darmstadt www.cst.com m

o




Example 3: Peak Detector
(Transient Co-simulation)

100 T 0.3p
=+ = | %
P1 (nP1) . P2 (nP2)
I e Bl 2
100 T |93 Voltage Real Part
06 : ' : .
| s | Vin
HSMS2850 1 ‘ ' : Vout
P1 (nP1) P2 (nP2) >
[ [~ [ -~
L~ 171 L~ g
@ [i HSMS2850 l Q =
>
50 5k
T 0.6p
06
0 2 4 6 8 10 CST
Time / ns o
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Transient task: MWS co-simulation

Transient Simulation Task

Mavigakion Tree

El-E3 Projects
Ellj detector_t_cogim
T2 Drawing
#-£3 Blocks
E External Ports
----- 3 Circuit Portz

13

Transient |

— Unitz

* Global unitz T Local units

Frequencies: |GHz *

Je

Times: |nz

— Simulation settings

T rnir; I':I
Trnaw: I'I 0
Samples: IEI }'

Yolkages: I"-@' j
Currents:

—
Powers: IW "’I

— Circuit il ator

i~ 5T
= C5T MWS co-simulation

|ntegration method:

" Gear {* Adams

— Excitation zettings

Port Dezcription I;' Mo detailz
1 GFauss
2 Fised impedance [5 kOhm]
Signal.. | Fremove Excitation | |4} 2

X

k. I Cancel

| Smply | Help

“0” means
adaptive
sampling
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Example 4: SRD Pulse Generator I. =

(Transient Co-simulation)

P1 (nP1) 1.5 pF
P2 (nP2) —4 4
e
P
| ,
‘ 68 pF )
( | 06 SepRecoveryDiode |
I — I
| 0.35 pli — |
| ZX SMMD840 | v
| |
: 0.6 nH T : i‘
L — }
DS canvas: MWS model
* circuit elements
* transient task with ,MWS Co-simulation®
* probes CST
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Example 4: SRD Pulse Generator Il. Liiﬂ

(Transient Co-simulation)

Waveforms

+Input Current [A]
" *Input Voltage [V]
# Qutput Voltage [V/10]

Power Spectrum Density

o — SR E—
D — S P —
. | | |
-50 i i : 3
0 2000 4000 6000 8000 100
Frequency / MHz
In order to obtain correct results using any frequency domain approach,
more than 300 harmonics would need to be taken into account! CST
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Example 5: UWB Balanced Amplifier I.

(Standard Co-simulation)

17101~

Cr Cr
~ — o~
|, — _—
" 5 SPICE 2, '
I— — === =
L . — 3 "
. Jar i ||—3' |
T T T

n
n
| ® L =] i &
L 2 |
- - S-Parameters Magnitude in dB
' !
M— EN 20

A S
_m‘h\\“\ - /74<_ﬂ_7<:
NS 3
[ YL
. . -30 / v} v
Chip transistor
CST
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Example 5: UWB Balanced Amplifier Il. "

(Transient Co-simulation)

> ICE
T 20 ports
Fg o C ChnF
L1110l
EL(P1) | |"'|“;"""“'“|"’|°°| P2 (nP2)

e -
—— PR—L
W ENTEE:

100 Ohm ﬁ : ﬂ'h ‘ i 100 Ohm

DS canvas: MWS model

* circuit elements
* transient task with ,MWS Co-simulation®

* probes CST

_
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Example 5: UWB Balanced Amplifier lll. s B
(Transient Co-simulation)

1D Results\Waveforms

4
| +Vin
¥ Vout (Standard Co-simualtion)
' & Vout (Transient Co-simulation)

gy ==

Voltage / V

Time / ns

Transient Co-Simulation is approx. 5x faster than the standard Co-

Simulation using S-parameter matrix and spice model extraction. CST
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Conclusions

Standard Co-simulation

= Fast optimization at the circuit
simulator level

= Complete S-matrix is needed

= Spice model extraction is needed
for transient task

= Suitable for steady-state analysis
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True Transient Co-simulation

= Optimization only thru 3D EM
simulation

= Fast 3D simulation of complex
structure having high number of
lumped components/ports

= No need of spice model
= Suitable for pulse-regime analysis

= Investigation of the whole circuit
including box influence.
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Thank you for your attention...
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