ADS Fundamentals - 2001

LAB 6: Filter Design with E-syn, Momentum
and Transient Simulation

Overview - This chapter shows the fundamentals of creating filters in ADS
and using the Transient simulator. The E-syn interface is used to build a
lumped component filter and Momentum is used to test a microstrip filter.

OBJECTIVES

? Build a 200 MHz IF low pass lumped filter using E-syn
? Buile a 1900 MHz RF bandpass filter in microstrip.

? Simulate the filter in Momentum

? Perform a Transient analysis

? OPTIONAL - DAC

Agilent Technologies
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PROCEDURE

1. Change projects.

a. Go to the ADS Main Window and click File > Open Project.

b. Answer Yes to All if you are prompted to save all your current
work and open your earlier project: system_prj.

c. Create a new schematic named: filter_esyn.

2. Use E-syn to create a 200 MHz Low Pass filter.

a. In the new schematic, click: Tools > E-syn > Start E-syn.

b. When the E_syn window first appears, click File > Save As and
give the E-syn file a name: Ipf_esyn. Then click the Select Type
button and select a Lumped, Filter, Chebyshev, Low-Pass and
click OK..

R m——— Saving the E-syn
Dl |l =] ] g 5 file is like
Do T, LrordFa s LonPs (G )) saving an ADS
P — schematic.
[—— | —
et Torri: [ T O T |
fi= O fi= @ e
e — 1 Design Type
[— [— Element Type Response
—l v Lumped v Filter (* Chebyshew
Eod P el Hee Ll ¢~ Digtributed " Impedance Match ™ Buttenwarth
B o ®m - ™ Singly Teminated i~ Elliptic [ER) ™ Bandpass
| , |  Elliptic [MF) e
fistu (" Beszel-Thaomzon ™ Bandstop
L Uit . Chgtte Lonfooss— C Gaussian o
~
Ok Cancel
Courms et o130
c. In the E-syn main window, set the Frequency spec: ZERO to 0.2
GHz. It will be used in the RF system output for 100 MHz
IF. ﬁ*T

d. Start the E-syn synthesizer by clicking the menu
command Synthesis or click the synthesis icon shown here.
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e. When the dialog appears, click the Synthesize button and E-syn
will build one or more filters. In the dialog box, you can see
that 2 filters have been created and 1 of 2 is shown as LCL
filter. Go ahead and click to select the 2™ filter which is a CLC

topology.

! Spnthesis

Metworks: 3 of 2

Input Tem: Resistive B = 50 Ohm
IND SE L =41.0444E nH

CAP PG C=18.26139pF Newarks: [p =] of2

IND SE L =41.0444E nH
Input Term: Resistive B = 50 Ohm Analyb
CAP PG C=1B641778pF T
IND'  SE L =45 E5348 nH

Output Term: Resistive B = 50 Ohm
CaP PG C=16.41778 pF

1 Synthesis

Output Term: Resistive B = 50 Ohm
Synthesize | | J_‘ Save Metlist...
Synthesize I | Cancel | Help |

f. Also in the Synthesis dialog, click the Analysis button and a
new Analysis dialog will appear. As shown, set up the
simulation for one Frequency Band 1 - from from 0 to 0.5 GHz,
FSTEP = 0.01 GHz (10 MHZz). Also, select S-parameters and
Group delay. Click Analyze to simulate the filter response.
Then look in the E-syn main window to see if the analysis is

1 Analysis

FrequencyBand |1 ™ 4—— Simulation of
several bands

Frequency: [ To [os GHz is also

Step Tupe Step Scale

FSTEF  + [0 GHz LiH -

Status

Synthesiz complete

METS=2 ERO=3 RIFFLE=0.1 MIL=0
Analyzing

Dezired Result:
Analyziz complete

[v Inzertion Lozs [v S-Parameterz [ Zin [ *in

[v Return Lozs [v Group Delay [ Zout [ “rout

@l Cancel Help
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complete.

g. In the E-syn main window, click the Data Display icon. When
the untitled display opens, select the Ipf_esyn dataset. Plot dB
of S21 in one plot and then copy it using Ctrl C Ctrl V to get a
second plot and zoom into part of pass band around the 100

Zoom in on data Add another marker to

specifying a - -
__F_)_L_f_y_.._g see ripple in the pass
o m
i ] mi =
& 10 freq=280.0MHz &
[in) 1 dB{S{2,1))=-3.159 @
© -15 5 m2
= -0.15——{freq=100.0MHz
] cdB(S(2,1))=-0.100
L L N A 0.20 T ‘ T ‘ T
0 100 200 300 400 500 an &0 80 100 120 140 160
freq, MHz freq, MHz

MHz IF to see the ripple.

h. Plot S-11 in a Smith Chart and plot GD (group delay) in a
rectangular plot. Here, S11 at 100 MHz is not 50 ohms and GD

is not veryflat.

i. Go back to'the E-syn main window and click the Save icon.
Change the Type = Butterworth. Click Synthesize and Analyze
the CLC filter: 8.5pF and 42.5 nH. The performance should

improve as shown. I Lavout Simulate  Window
i ] ) ~ DSP Eilter 8
J. Save the data display with . HDL Generatar 8 ENENE
- - +
the name: filters. | DSP Synthesis g ‘@)s Q| YL
[ LineCalc L4 3 r r
k. To make it a useable = .
N . . Spice Model Generatar »
component (sub-circuit), IC-CAP Import R
Hamr T mrmmiled b=l "
I | e = Design For Synthesized Metwork
mi
0.00 0.00— —— 1
! Generate Design
g i f Drezign Mame
o 005 mi = -
5 freq=110.0MHz T [esyn_fier
] dB(=(2,1))=-0.003 [w Owensrite any exizting design with 2ame name
-0.10 | T T T T T T T T T
20 45:1 slu:u aln 1DI|:| 12|0 1=|u:| 1s||3 18||:| 200 Ok Cancel
freq, MHz freg, MHz
ma 1.1E-3
freq=1.100E8Hz e

S5(1.1)=0.025 /55787 E freq=110.0MHz
impedance = 51402 +j2.159 1-HE-9 G0=8.930E-10

—— mJ ]
N_:_ ¥ 0
Butterworth CLC: Tl

8.5 pF and 42.5 nH.

20 I 40 IBD I 20 I1IIJDI1éDI‘1*fIIDI1éDI1EIIDIQDD
..00MHz to 200.0MHz) freq, MHz
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go back to the schematic window (filter _esyn) and click: Tools
> E-syn > Place New Design For Synthesized Network - this
menu command only appears after synthesis. A dialog box will
appear for you to name the filter. Type in a name and click OK.

I. The E-syn component will be automatically attached to your
cursor — place on the schematic in an open area, select it, and
push into it to see the lumped element sub-circuit. Afterward,
push out and back to the schematic. Name the instance on the
schematic if desired, shown here.

Y TY T

'__:/'"{u__ﬂ . -
o | —< | & — - l o
T Wl P C=8.505327 pF L1 C 8.505327 pF P2

Num=1 L 42 52663 nH:l: Num=2

LPF_200_MHz

m. In the schematic window, click the library icon and verify that
the filter is a sub-circuit (Sub-network) in your project.

n. Close all the E-syn windows and save the schematic window.

Note on using this filter — Later on in the class, you can easily remove the
behavioral model from system design and replace it with this one.
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3. Build a microstrip 1900 MHz bandpass filter circuit

This step will create the system bandpass filter using ADS microstrip
coupled lines and simulated with the ADS circuit simulator. Afterward, you
will transfer it into layout and simulate with Momentum for a comparison
of the results. This step is only intended to briefly show how Momentum
works in the most simple application.

a. Create a new schematic named: filter_ms. This will be the filter
designed in schematic.

b. From the Tlines-Microstrip palette, insert and connect = |
the microstrip coupled lines (MCFIL) as shown — =

il

because the two end components are symmetrical

up Clinl and then copying it. Also, be sure to

(CLinl1 and CLin2) so you can save time by setting e ]

connect the terminations with grounds as shown.

These two have the same default_values
values. Subst="MSub1"
W=25.0 mil

_ $=10.0 mil
— ] L=100.0 mi

T I e
Mum=1

A

=50 Ohrn

Subst="MZub1"

AN CLin3
=J.4 Il _n n
=627 Bmil oo MU Term2
a=1 1' 5 mi CLinZ Mum=2
— e Subst="MSub1" 7=50 Ohm
L=514.8 mil W=7 4 mil _L
==3.4 mil e
L=527 .8 mil -
. Also from the Microstrip MSub % S-PARAMETERS I
pallete, insert the substrate
definition MSUB as shown - no M3Ub 1 SP1
other settings are required for H=10.0 mi Start=1 GHz
this lab Er=9.5 Stop=3 GHz
' Mur=1 Step=10 MHz
Cond=1.0E+50
Hu=3.9e+034 mil
T=0 mil
TanD=0
Raough=0 mil
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d. Set up an S-parameter simulation from 1 to 3 GHz in 10 MHz
steps.
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e. After the simulation, plot

S21 to verify the response.

f. Save the design and data

display.

g. Save the schematic with a

new name: filter_1900.
This is necessary because
you will use this filter

(filter_1900) for your final

system simulation.

h. In the schematic of

filter_1900, click: File > Design Parameters. When the dialog
appears, select the ADS built-in symbol for a bandpass filter:

SYM_BPF and click OK.

i. In filter_1900, remove the simulation controller, the terms, and

dB(S(2,1)

m1

freq=1.800GHz
dB(S(2,1))=-1.219

m2

freq=2.000GHz
dB(S(2,1))=-5.262

LA e B
14 16 18 20 22

freq, GHz

grounds. Insert port connectors as shown here but leave the
MSUB. Now, the circuit is ready to be used as a sub-circuit.

J. Save the design again so that all the modifications are also

24 26 28 30

Saved design: filter_1900 for
use later on in the system.

|
P[]
Num=1
Subst="MSub 1"
MSub 1 er CLin2 [ —=>
H=10.0 mil 5=34mi Subst="MSub 1"
L=627.8 mil s Y
Er=98 Wy=3.6 mil cLing P2
Mur=1 S=11.9 mil Subst="MSub1"  Num=2
Cond=1.0E+50 L=614.8 mil W=7 4 mil
Hu=3 82+034 mil 5=3 4 mil
T=0 mil L=627.8 mil
TanD=0
Rough=0 mil
saved.

k. Save the filter_1900 with a new name for the Momentum
simulation which comes next - save it as: filter_mom.
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4. Momentum simulation from layout

a. Transfer the filter_mom

schematic to layout by clicking

[TV Simulate  WwWindow Dezigi

Generate/l)pdate Layaut. . k

the schematic window command: Place Components From Schigm To Lapaut
Layout > Generate/Update
Layout.
b. When the next dialog appear, be sure the Start Component is
P1 (port connector 1 from schematic) so that the left-to-right
layout will be correctly generated. Click OK and you should
see another dialog indicating that all components have been
created in the layout window.
Generate/Update Layout-48
Starting Component Equivalence's Location Olptions
m ® Delete equivalent components
et EommerEnt inLapout that have
|q Gl |D'D F been deleted in Schematic
‘not HEEiED - Generation of lapout ztarted from zchematic reprezentation:
Angle
[~ Position Fized [00 1 designlz) proceszed

Mote: When you choose OF. or Apply, the "Unda" stack will be cleared.
Current desigr will be-zaved in " sync' fle. Use Filer Open to retnieve,

Apply Cancel

E iter[z] reqenerated in lapout
5 item(z] relocated in lapout

1 -itemn[z] unplaced.in lapout

0 trace design(z] created

_____ Prirt

NOTE: Without the MSUB, 5 items will show instead of 6. Either way is OK.

c. When the layout opens, verify that you have the long coupled
lines shown here. If you zoom in on a port, you will see that it
Is connected to the edge of the metal. For most Momentum
solutions, it is not necessary for the port to connect to the
middle of the line - it only needs to be on the edge.

6-10

Momentum ports
are usually
inserted in layout
if the drawing is
created in layout.

Zoomed-in port connector.
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d. The next step is to define Vp—
the substrate in Momentum. -
To do this, use the Layout Enable BF Mode
commands shown here to

. Substrate Open...
transfer the schematic —— =
Lo Port Editar.... Save
MSUB definition: Box - \Wavealide P Save A
Momentum > Substrate > ;I':'”h Eregeln X DE'TEt Ef
Update From Schematic. Hen LEIEIE...
Sirmulation k )
L Create/Modify...
Optimization k T TR
Enst-PrDcessing , Upadate From achematic

e. Verify that the 10mil substrate definition is now in Momentum.
Click: Momentum > Substrate > Create/Modify and you should
see the MSUB values in the dialog. Click OK if the settings are

Substrate Layers l Metallization Layers |

Mame:  filter_mom

Select a substrate layer to edit OF define a new layer:

Substrate Layers Thicknesz Substrate Layer M ame

FreeSpace [10 [mi =] [MSub1_1

AR GHD A Fermittivity [ET] Fermeability [Fu)
|HE, Lazz Tangent ﬂ |FIE, Lazz Tangent ﬂ
Real Real
[55 I
Lozs Tangent Lozz Tangent

add | Cut | | 0 0

Cancel Help

correct.

f. You can also look at the Metalization Layers tab to see how the
drawing layers in layout are mapped into the substrate in
Momentum. But DO NOT change anything.
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g. Before simulating, turn
off Momentum’s edge
mesh feature to get a
faster solution. Click:
Momentum > Mesh >
Setup. When the dialog
appears, notice there are

many mesh features. But
for now, turn off the Edge

Mesh (uncheck box) and
click OK.

NOTE on the Momentum process - the

order of steps is: compute the
substrate definition (Green’s

functions), create the mesh or grid
pattern (cells), and then simulate.

However, you can go directly to the

Simulation and Momentum will

automatically compute the substrate
and mesh the circuit as the cell size equal to the wavelength of the highest

frequency.

h. To simulate, click: Momentum > Simulation > S-parameters.
When the dialog appears, setup the simulation: 1 to 3 GHz
using 201 points as the limit and click Update. Then click
Simulate and watch the status window. The Adaptive sweep
type is the default and will save time with its curve fitting- like

Simulation Control:56

Shimulus

Mesh Setup Controls:56
Global lLa}ler ] Primitive] Primnitive Seed]
Define here the mesh values for the entire circuit
tdezh Frequency GHz *
Number of Cells per Wavelength — [30
ArcFacet Aingle [max 45 deg ] 45 degrees
[ Edge Meszh L\\&
[~ Tranzmizzion Line Mesh
W Thin layer overlap extraction
| Feset | | Cancel | Help |

Select a frequency plan from list to edit or define a new one

Frequency Plans

Edit/Define Freguency Plan

F =tart F =top Hpt=-Step Sweep Type
''''''''''''''''''''''''''''''''''''''' 170000 GHz 40000 GHz 201 mam m
Start
Be sure the 1 |GHz =]
dataset name is Stop
carrect |3 |E5HZ ﬂ
Sample Pointz Limit
2m
Cut || Update I Add to Frequency Plan List |
Process Mode Solution Files [ata Display

% Foreground

i Background

Open data dizplay when

M simulation completes

Template

6-12 Simulate Js@ Apply

[Prezentation] Browse. ..
Cancel Help
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algorithm.

i. When the ADS Data Display opens, notice that the Momentum
template looks slightly different — this is OK. Zoom in to the
S21 plot and_add the S-21 trace from the filter_ms circuit
simulation as shown here. As you can see, there is some
difference between the two results because Momentum considers
the coupling effects using the Method of Moments technique.

Circuit vs Momentum simulation. 521
D atasets and Equati | 0
atazels an quations Traces i
|fi|ter_m$ ﬂ Trace Options... 210 4
freq 2 i
Poriz dB(fker_morm_a..5 — 20
PortZ[1) sriddss dBfilker_marm..5[2, % E
gortZ[2] = -30
el >>AddVs._>> g i _
5(2.2) <¢Deletedd -5l _j
4 ﬂ —BD L L L L
10 15 2.0 25 3.0
Frequency
The next step shows Momentum’s power.
J. In the layout, notice that the filter now has the mesh pattern on
it. Zoom in to look at it.
k. Next, draw a simple crude rectangle (click icon) about 60 or 70
mils and about 2000 mils long along the length of the coupled
line - this will represent a trace or some other metalization
near the filter as shown here.
When you draw the
rectangle, notice that the
cursor begins drawing at x-
y 0,0 as shown here. Also, v | B
you can roughly measure 0.0, 0.0 3 mil  A/RF
using the cursor by clicking
in layout and watching the
MS Filter with wide trace - -
along side for Momentum Spacing between the filter and the
simulation of coupling rectangle is about 10 mils on this
effects. To measure, end.
W: 60 _ Y — T
. <4 Rectangle
70 mils i | 9
< >

L : about 2000 mils or slightly longer then the filter
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6-14

values change here.

With the filter and rectangle on the layout, perform another
Momentum Simulation with a new dataset name such as:

filter_mom_strip. Then click: Momentum > Simulation > S-
parameters and when the dialog appear, simply change the
dataset name as shown here and click Apply and Simulate.

. This simulation will take a little longer (several minutes)
because there are now more cells and therefore more
computation time is required. When the data display appears,
you should see that there is a resonance somewhere near the
bandpass or its edges, depending upon your rectangle as
shown here. This is the type of simulation that can only be
accomplished with Momentum. Afterward, close the layout and
data display windows.

S22
< Narrow

_ resonance at

@ 2.05 GHz due

— to coupling
: 1 effects of
= rectangle.

= —80- m1

i freq=2.053GHz
0 ERiter mom trace 2. 52, 1) 54662

1.0 1.5 2.0 2.9 3.0

Frequency
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5. Transient Analysis on the filter
a. Save the current filter schematic design and data display.

b. Open the schematic of microstrip filter_ms and then save it
with a new name: filter_trans.

c. Modify the schematic to look like the one shown below starting
by deleting the S-parameter simulation controller

and the S-parameter terminations (Terms). Keep @
the MSUB. Sine
Sources-Time

d. From the Sources-Time Domain palette insert a
VtSine at the input. It is recommended to use
Time Domain sources for Transient analysis.

Domain:

e. Insert a 50 ohm resistor at the input and on the output. While
you could leave the Term there, it is always better to set up
circuits and simulations that have commonly used components.
Also, label pin/nodes Vin and Vout as shown.

R

WMSLB
R=50 Ohrn ML MSub

. H=10.0 mil
Er=9.6

viSine [ +—— ] Mur=1
SRCT

— Cond=1.0E+50

Vde=0 v Hu=3.9e+034 mil
Amplitude=1y ST [+ 1

= Freg=tgoHz  SURSEMSURTT epy

Delay=0 nsec ~ "=r-4 mil cLing v:::_gt
Damping=0 -4l Subst="MSubl® o .
Phase=0 L=627.8 mil =06 mil
" . CLinz R=50 Ohm
5=11.9 mil Subst"MSub1"
L=614.8 mil et 4 i
5=3.4 il 1
L=627.8 mil =

f. From the Simulation-Transient palette,
insert a Transient simulation controller
and set the Stop Time and MaxTimeStep e -
as shown. Here, the simulation will Fapr | TRANSIENT
begin at time zero (default) and stop -
after fifteen periods of the input signal rran
(8 ns). In addition, the time step will Trani
sample at twice (Nyquist rule) the rate StopTime=15/1900e6)

MaxTimeStep=1/2*15"1200e6
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g.

of the highest spectral component desired, here the 15"
harmonic.

After the simulation, insert a rectangular plot of Vin and Vout
and edit each trace (Trace Options) to place symbol at data -
this will show you the time points taken in the simulation.

1
o4 ¥
!

Trace Options - Linear |

Symbol

7 os kil
Svmbal Type ]

h.

6-16

- = 104
Il:lrcle J 0s] 4]

Zoom into the plot
after 5 ns and put the

markers on the peaks .

of Vin and Vout as 3<

shown here. -

Write an equation as 6.0 6.1 5.2 6.3 6.4 6.5
shown to calculate the time, nsec

delay through the filter:

marker_difference. This calculates the X axis difference
between markers using the indep function (independent
variable = time).

=elglmarker_difference = indep (m2) - indep (m1)

Insert a list of marker_val and use Plot Options to remove the
independent data as shown. The value is the delay through the
filter after start up (settling). Depending upon where you zoom
in and where you place the markers, your value may differ
slightly. The delay through the filter is about 90 pico seconds

» _ marker_difference
rl,i:l‘:é:lspla_l,l Indep. Dats 87 T2E-11
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as shown here.
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6. OPTIONAL - create an impedance response Data Access
Component

A DAC component is a file-based component. It may contain various
formats of data from measurements, listed data, or any other valid file type
that ADS can read. In this step, you will create a simple file with complex
impedance values that vary over a frequency range. Keep in mind that the
DAC can be used to create such models as: frequency sensitive impedances,
varactors, step functions, bit sequences for sources, time domain sequences,
and many other uses where a file is more efficient than typing in long
equations or lists on your schematic. In general, the DAC works like this:
it is a component that points to a file in the data directory. In this example
you create a file that will be used for the impedance parameter of an ADS
component - the simulator will simply read the file.

a. Open a new schematic with the name: Z_DAC.

b. Refer to the schematic shown here. Insert a termination with
ground, an equation base linear Z1P_Eqn (Z1port) from the
Eqn Based Linear palette. Then insert an S-parameter
controller, and a DAC from the Data items palette in their
default states (no setting yet).

c. Set the S-parameter simulation as if it was the LPF: 10 MHz to

200 MHz in 10 MHz steps as shown and save the schematic
again.

@ S-PARAMETERS -
=

Start=10 MHz
Stop=200 MHz
Step=10 MHz DACH
- File=
4 1‘ Type=Discrete
InterpMode=Index Lookup

Term1 InterpDom=Rectangular

Num=1 Z1P1 iVari=
=1 Z=50 Ohm 1,1)= Val1=

d. Open the Windows Notepad program in Start >
Programs > Accessories. Or use the ADS Main o5 Edi Beesh o
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Window (Options >Text Editor) if Notepad is the default text
editor.

NOTE on DAC text files - You must not use a program that has formatting -
this is a must - such as Wordpad.

e. Write an mdf (multi-dimensional data file) file shown here and
save it in the DATA directory as: z_dac.mdf.

NOTE on file type .mdf - If necessary, use Bl 2 dac.mdf - Notepad
windows file explorer to change the name if Fle Edt Gearch Help
it is saved as a .txt file. Also, the syntax in - — - —

the first column is 4 frequency points, the BEGIN my_DATA
. i % my_freq{real) my z{complex)
second and third columns contain the real 1866 18 28
and imaginary impedance values at each 18e7 18 48
frequency. 12e7 200 60
20e7 408 208
END

f. On schematic, edit the S-parameter controller. In Parameters
tab, set to compute Z parametersnot S. In

the Display tab, check Sweep Var, Start, Stop SP1

and set them as shown to sweep freq from 10 SweepVar="freq"

to 200 MHz in 10 MHz steps. You will get Start=10 MHz

interpolated data for all the steps. Stop=200 MHz
Step=10 MHz
CalcZ=yes

g. On schematic for the Z1P, type in the value of
Z[1,1]= file{DAC1,’my_z"} where “my_z” s Y e
refers to the complex values in the file. —

Z1P1
Z[1.1]=file{DAC1, "my_2z"}
h. Edit the DAC as shown: Type in the
file name, select the Type, etc. Also, I wm——
iVvarl (my_freq) is the independent pact
variable name and iVall (freq) is File="7 DAC.mdf"

the independent variable value. As iy 3 - :

indexed in the file and the DAC will InterpMode=Linear N

return complex values of “my_z” InerpDom=Rectangular )

interpolated over the range. IVar1="my_freq Generic
iVal=freg MDIF

i. Simulate and plot two 400

traces, real and imag, of ] m

Z(1,1) as shown. As you 200 ffreq=100.0MHz

can see, the Zport can be ] [mag(Z(1,1))=40.000

used wherever a frequency 200

imag(Z(1,1))
real(Z(1,1))

'IOO—_ mi

0_ T ‘ T | T ‘ T | T ‘ T | T ‘ T | T ‘ T
0 20 40 B0 80 100 120 140 160 180 20

freq, MHz
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sensitive component is required. For multiple components,
simply create different files and access them as required.

EXTRA EXERCISES:

1.

4.

6-20

Calculate the bandwidth of the filter in Transient simulation
using the rule-of-thumb: BW= 0.35 / rise time. From time zero
until about 6 ns should be the rise time. However, use the
markers and the equations to do the calculation.

Create a DAC for a frequency sensitive inductor and simulate it
in a simple CLC filter. The DAC will contain the filter values at
each frequency.

GO back to the Momentum simulation and copy the design to
another schematic — they try using a different substrate or
simply use Momentum to create a drawing that can be
simulated in Momentum - the drawing can be a spiral inductor
or anything else.

Try using E-syn for another circuit type or some other design.
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