=) Topic 6:

DesignGuide, Transient,
Momentum and the DAC
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M O m e nt m 3-D MOM engine gives S-
u parameter results
What is Momentum? EM (electro-magnetic) 3-D solver using Method of

Moments technique and Green’s functions to compute the current in layout
structures, including vias, coupling between surfaces, and thick metal (3D).

Why use Momentum? Visualize Current!
* You have no accurate model for a passive layout.

* You want to know the coupling effects between structures.
 You want to optimize the layout real-estate, performance, etc.
* Your other structure simulator takes too long to simulate.

* You want to visualize currents. Radiation!
* You want to use the results in ADS simulations. '

Spiral meshed as a “strip”
geometry. Hole in ground
plane is meshed as a
“slot”, which is more
efficient than meshing the I Next, Transient...

entire ground plane. | |:>

Optimize!
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Transient simulation

* Analysis performed in the Time Domain

« Use any Source

» Solutions use Newton_Raphson iterations

* You get Amplitude vs. Time

* Time Domain data can be transformed: fs ()
* Available solution file for HB convergence

« Use Transient data for Eye Diagrams

’ Sources-Time Domain VI
‘ @ ‘ TRANSIENT I -
Use these sources for time

Tran d . . . I
Tran1 omain simulations!
StopTime=100.0 nsec

MaxTimeStep=1.0 nsec

®
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T @DT
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R;trig

OneShot

ClkJitter

—

VLPRES

Transient simulation controller settings |:>
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Transient simulation controller

Integration: step control & error (default:TruncError)

Simulation-Transient
Palette = & Transient/Ccnvolution Simulation: 1 @@
@ Tran Instance Name
Trans Options Tani
S;;::p P% Time Setup ‘ Integration Convolution Convergence 4
I @;% ‘ TRANSIENT I
Int G Qutput Times
Start time »0.0 |[nsec v _|_
NdSet Stop time 2 /(100 MHz) ||None ran
= Max time step | 1.0 nsec ¥ Tran1 .
- — StopTime=2 / (100 MHz)
PR{)BE PR{)BE MaXTimeStep=1 .0 nsec
h%;s Limit timestep for Transmission Line
L] L] n L] '
bl | b Time Step is critical ! lgnored if no TL's
[ OK J [ Apply J [ Cancel ] [ Help J

NOTE on Convolution: Next
Frequency domain models (microstrip) can be converted to the time domain - then time sté
convolved with a time-domain input signal to obtain the time-domain output signal. The |:p>

convolution tab in the transient simulator allows you to define methods and settings.
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Setting the Transient Time Step

Start time: sampling begins
Stop time: sampling ends 11“ nh
Time step: sampling rate Sample @ 2 x BW

/

Use the Nyquist rule: Sample at 2 x or more
the rate of the highest frequency of interest:

To sample the fundamental (1900 MHz) plus harmonics, |@‘ TRANSIENT I
you must calculate @ 2 x (rate of highest harmonic desired).

Tran
Tran1
StopTime=15/1900e6)

1/(2x15x 1900MHz) = 17.54 picoseconds. > MaxTimeStep=1/2*15*1900e6)

Next, stop time...|:>
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Setting the Transient Stop Time

For many circuits: stop time should allow for
periodic - settling.

Dataset
A
Ve Next, a
n TDR
example
AR/AE /
Start Time Stop Time

NOTE: Transient analysis can be tricky. Sampling before a circuit
reaches steady state will not give correct results when transformed into
the frequency domain. Also, use a time step that is at least 1 / twice the
highest frequency of interest.
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EXAMPLE: Transient TDR Setup

NOTE: After the course, you can use this slide as a reference if you need it!

MSub |$‘ TRANSIENT I Results: mismatches in time / distance :>

MSUB
MSub1 Tran
Er=9.6 .
StartTime=0 nsec .
L e StopTime=10 nsec TLIN is 360 degrees at 1 GHz =
Hu=3.9e+034 mil MaxTimeStep=0.01 nsec . .
T=0 mil T8 e known time-domain response used
TanD=0 EquationName[1]="source_v"
Raugh=0 mil f 1] - as a reference.
vor | AR
VAR
source_v =2 % A — . .
Tistep «F R TN MLIN R
i il Reference_line DUT _line R_load
LA R=50 Ohm 7=50.0 Ohm Subst="MSub1 R=50 Ohm
YVhigh=source_v t E=360 W=20 mil
2L _ F=1 GHz L=2000 rmil —

Rise=0.01 nsec -
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EXAMPLE: TDR Data Display results... Results:

mismatch

=IEr=96 =l bw=0.35/0.1e-9 dela tlme
3 velocity = 3e8 / sart(En — y
& distance_mtrs = (velocity * (indep(m2) - indep(m1))) 2 3500E9 rho
g distance_mils= distance_mtrs * (1e5/2.54) BVV
z_Iine =Zo*{{1 +rho)f {1 - rha)) VSWR
M 70=50 I
Fan mtrs to mils
rho = (m3-ref_v)f(ref_v) 0.192 33.016 1.000
ref_v= source_v[1)/ 2
ma3
time=3.370nsec
distance_mtrs distance_mils " Vin=808.3mY
0.066 2611.214 . m1 m2
10 — MV—
_ |
- 08
~ ma3 |
12 | S o5 v
10— [
J L‘ o0r
0s
. 06 R AN R R e p— —
S 260 28 30 32 34 36 3B A0 42 44 4B
04 time, nsec
A m2
02 trinrgme R time=4.050nsec
| =2, Yin=996.0my
. Vin=1.000 Y EsER A
I ! 1 N | ! | '
1} 2 ‘ 6 38 10

Next, Channel Simulator...

VEWR
] YSVWR = (1 + mag (rho)) £ (1 - mag (rtho)) 1474
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Channel Simulator...

A fast form of time domain (Transient)
simulation for linear / time invariant systems:

l Simulation-ChannelSim

Palette =

&

ChannlSim || Options

Swee|

0]
PrmSwp

Tx Diff Tx

Htlk Diff Htlk |

Rx Diff R

R

e || TEHo

Term DireTerm

i 0] IF

ﬁ Eye

PROBE PROBE \
[eo=)

TSI

Batch FileList

i

sl

Strings || Hetlist
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Density

|
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| |
300 400 500

time, psec

Tx source (pulse with jitter) is injected and a de¢ N B
diagram) results without having to store all the transient data = fast.

C] | Eye_Prcbe
E= g | Eye_Prooet
= LI - AAA—]ll
Term_SingleEnded
Tx_SingleEnded = SToEEToeS G Term_SingleEnded2
Tx_SingleEnded Tem:SingleEnde& Channsl Losd=50 Chm
BitRats=2 Gbps Load=50 Chm X1
Vhigh=1.0V
Viow=0.0V
RissFsllTims=20 pssc —3 m ChannelSim I
Mods=Maximal Lsngth LFER Xtk
Excludelcad=no ChannelSim
ChannslSim1
Xtk_SingleEnded NumberCfBits=10000
Xtk_SingleEnded1
RandomPhasseTeT:=no

FPhassToT=120.0

SEE: examples\Signallntegrity\ChannelSimulatorTutorial_prj\DocExample.dsn

—>

Next, the
DAC...

Eye probes are also available in the Transient palette,
and can be used for nonlinear systems with Transient.
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DAC (data access component)

The DAC points to a file and reads it: use for measured data or any tabular data.

File tab: Specify the file location, mode, edit, etc.

Instance Name

SR Independent Variable:
Add vars, equations, etc.

DataAccessComponent Instance Name

| DAC1

|

Interpolation Display

Data Items

: = Data Access Component:1

Palette =]

a Instance Name

Vareqn DAC DataAccessComponent Instance Name

s 5 DAC1
File l Independent Variable Interpolation Display

S

File Independent Variable

File Name Independent Variable Parameters
Parameter Entry Mode 7
l Data filename v‘ Variable Name ‘
Variable Value
File Name Parameter Entry Mode
- ‘ [ Browse... ] ’Standard v‘
I [ Edit... ] Value
DataAccessComponent Copy template... None v
DACH [ Y20 ] | I |
File= " " .
Type=Discrete [ Data files list... ] [ Equation Editor... ]
InterpMode=Index Lookup
InterpDom=Rectangular Eile T [ Tune/Opt/Stat/DOE Setup... ]
ExtrapMode=Interpolation Mode ECIYPE v
ivarl= Discrete v ‘ < >
ivall= L
Block Name
[ OK ] [ Apply l [ Cancel ] ] [ OK ] [ Apply ] [ Cancel ] [ Help ]

NOTE: DACs are covered in detail in the Advanced class.

ADS 2009 (version 1.0)
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DAC example: discrete file

For optimization, R1 is assigned to a file which is read by the DAC.
“res_std.dscr” contains an index and a list of values (r_val). In the
DAC, variable iVal1 is enabled over the range of indexed values
beginning with iVar1 which is the first index point in the file.

*—ANN— P res_std.dscr - Notepad
+f R —L_ File Edit Format View Help
Term Rl " " - BEGIN DSCRDATA
Termi  REfIE{DACT, r_val'yOhm % INDEX r_val |:>
Num=1
Z=50 Ohm DataAccessComponent % gg
= DAC 3 83
- File="res_std.dscr" 4 100

END DSCRDATA

Type=Discrete
Block=

A

InterpMode=Index Lookup i )

InterpDom=Rectangular The file must be in the DATA

iVar1="1" directory and must be in correct
/ LEN R RO A format. The circuit simulation

NOTE: iVar1 always = 1 for Discrete (index at first column). manual has information on file
However, iVal1 always starts = 0 (same as ADS data). formats such as DSCR..

ADS 2009 (version 1.0)
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DAC Optimization: OPT setup and results

|@| OPTIM I P res_std.dscr - Notepad
| GOAL I Opim File Edit Format View Help
o BEGIN DSCRDATA

z Optim1
— Opt! Tvbe=Di % INDEX r_val
eptimGoali ptimTyGe=Discrete

: DesiredErhms<iLl 1 56

Expr="my_dbs11"

SiminstanceName="SP 1" S.tatusLevel.=4" . % gg
Min= Final&nalysis="MNone 1 100
Max=-23 NormalizeGoals=no END DSCRDATA
— SetBestValues=yes
Range\}'ar[" ]: SaveSO|I'IS=n0
RangeMin[1]= 7~ SaveGoals=no -
RangeMax[1]= SaveOptimyars=no freq my_dbs11 iVal
UpdateDataset=ves 1.000GHz -24.943 0.000

MeasEqn

"~ meas
my_dbs11= db(S(1,1})

< SaveMNominal=no
Savedliterations=no
UsellOptVars=yes

UseAllGoals=yes
\- SaveCurrentEF=no DataAccessComponent

DAC1
File="res_std.dscr" NOTE: iVar1 must

: T =Di t = i
Save values = no. Only the MeasEqn is sent groae 1 only for Discrete.

to the dataset with the final iVal1 which is 0 = Iz iplt Sl Analers Loy
56 ohms and which gives the least reflection. ror oo oo rnodr
Also, click Simulate > Update Optimization iVal1=0 opt{ discrete 0 to 3 by 1}

Values to update the iVal in the DAC. Next. LineCalc... |:>

ADS 2009 (version 1.0)
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EXTRA INFORMATION: LineCalc and Model Composer

Go to schematic, click Tools > LineCalc > Star LineCalc

& LineCalc/untitled

LB

[4]

o Mkl
e~
Analyze
L4

=
=T

LineCalc is still available!

Calculated Results

K_Eff = 6.400
A_DB =0.070
SkinDepth = 0.000

LAB
exercise...

=

* Define the substrate
» Enter L & W to get electrical

 Enter electrical to get L & W

File Simulation Options Help

Component

Type [MLIN v | "D [MLIN: MLIN_DEFAULT |
Substrate Parameters
LS UE_DEFAULT -]
Er 9.600
Mur 1.000 Physical
H 10.000 ml v W
Hu 3.9e+34 il v L
T 0.150 mil A
Cond 41e7
TanD 0.000 :I Synthesize
Fough 0.000 ml v
DielectricLossModel 1.000 Electical
FregForEpsiTanD [Toes lﬁ 20
LowFreqForTanD 1.0e3 E Eff
HighFreqForTanD 1.0e12

e =]

Component Parameters
Freq [10.:000 [GHz  ~]
Walll [ |mi| LI
Wall2 [ [mi  ~]

|Parameter(s) modified - Values are not consistent

=

ADS 2009 (version 1.0)

MODEL COMPOSER. Generate passive library models (parameterized) for
simulation. AMC (Advanced) is even more powerful. You get circuit
simulation speed with EM simulation accuracy (Momentum) for any

substrate definition.

Copyright Agilent Technologies 2009
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=7 1= What the lab is about ...

Lab 6:

Filters: DesignGuide,
Momentum, Transient
and the DAC

Agilent Technologies Slide 6 - 15



Steps in the Design Process

* Design the RF sys behavioral model receiver
« Test conversion gain, spectrum, etc.
 Start amp_1900 design — subckt parasitics
» Simulate amp DC conditions & bias network
» Simulate amp AC response - verify gain
» Test amp noise contributions — tune parameters
» Simulate amp S-parameter response
 Create a matching topology
» Optimize the amp in & out matching networks
You are here: | - Filter design — lumped 200MHz LPF
* Filter design — microstrip 1900 MHz BPF
» Transient and Momentum filter analysis
* Amp spectrum, delivered power, Zin - HB
» Test amp comp, distortion, two-tone, TOI
» CE basics for spectrum and baseband
» CE for amp_1900 with GSM source
* Replace amp and filters in rf_sys receiver
» Test conversion gain, NF, swept LO power
 Final CDMA system test CE with fancy DDS
» Co-simulation of behavioral system

ADS 2009 (version 1.0)
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Design a 200 MHz LPF with Filter DesignGuide

& Filter DesignGuide

File Tools View
o P =0 X A
Current Schematic SmartComponent — x —
|[ system_prj]: 1 v| |DA_LCLowpassDT1 v DT
Current Design SmartComponent Capability
filter_Ipf | |Desian, simulate, Yield, Display DA_LC LOWpaSS DT1 _ﬁlter_lpf
Overview Filter Assistant Simulation Assistant Yield Assistant Display Assistant DA_LC LOWpaSS DT1
Impedances Ap (dB)
Source Load I?‘esqons..e TTDE 0L
[s0 |[s0 | y Rt 9 (dB)
First Element (20 . .
porae vl [z eorsaere Design and simulate!
Order (N) ‘ o h'g
= Realizations 5
) ) [J view all
Design Information Max & 10
i L ]
3 1
\ -
Minimum Insertion Loss: = B
0.0000 Fp Fs Lo § 20
| 2 2 [ ][ e ¥
L -25
[ Design ] [ Redraw L1 -~
L=42.5266 nH -30 2123: = ==
R=1e-12 Ohm 5
- o <>
Port Port BT T T T
- - P1 P2 0.0 20ES 40ES 6.0E2 2.0E2 1.0E9 1.2E9 1.4E9
Fllter WI" be used at Num=1 c c Num=2 Frequency (GHz)
~Ls L
—_ C1 =
the IF output (1 00 MHZ) C=8.50532 pF C=8.50532 pF
of the receiver. | Next, BPF.. D>

ADS 2009 (version 1.0)
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Create a Microstrip BP Filter: 1900 MHz

[ TLnes Microstrp Microstrip coupled line filter with substrate MSUB
Palette [
Port
Pt [ ]
Num=1 , -
MCFIL
sl L= I ——
- Subst="M3ub1" -
MSAEND :v:é":; W=7 4 mil QL":IQL E O
e il Sl Subst="MSUB1* |~ -
re \ED Er=9.6 ezram sl CLin3 po
— Mur=1 =Sl SUoSt=MSUDT®  Num=2
o || Cond=1.0E+50 L=614.8 mil W=7 4 mil
n L e Hu=3.9e+034 mil S=3.4 mil
o | D T=0 mil L=627.8 mil
Mcroso || Mcurve TanD=0 . . .
Rough=0 mil This filter will be
-EDz -0o- i
Mcurve MGap used on the |nput
‘ = || JIC 0 /"’11 m2 to the RF system.
MICAP1 MICAP2 n
_— 10+
| £ || W = Lo
micapa || wicapa | o -20__ g]eq=1.800GHz ;,r-]ezq=2_000(3Hz
. & a0 [dB(S(2,1))=-1.219] |4B(S(2,1))=-5.262]]
Filter response shown S
_40—
plotted for lab - no need to . Next,
run S-param Slmulator_ 10 12 14 15 18 20 22 24 25 28 30 Transient :>
freq, GHz

ADS 2009 (version 1.0)
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Transient simulation of 1900 MHz BPF

Microstrip coupled line filter with substrate and VtSine source.
Stop time after 15 periods and step using Nyquist for 15 harmonics.

‘@‘ TRANSIENT I R

VtSine

SRC1
Tran MSub Vdo=0V I:]_'_"_:]
Tran1 = Amplitude=1vy  MCFIL
: Mo Freg=19GHz  CLini 1 1
S’[OpTIme= 1 5/( 1 90096) H=10.0 mil —— Delay=0nsec 5\;‘13735:"“"';5“[31" MCFIL t
. ) - ino= =4 mi < You
MaxTimeStep=1/(2*15*1900e6) =95 Sl 5=3.4 mi i
e Esen L=627 & mil weapmi | MCFL R
] ] Hu=3.9¢+034 mil 5=11.9 mil S N o
Transient results show input T=omil L il w4 mi
- =34 mi —
vs output waveforms: Rough=0 mil L=627 8 mil =
(- p— Write an equation using markers and the
ERE. A M2 indep function to calculate delay:
:;::Z- oo i m@@ﬁ =elgl marker_difference = indep {(m2) - indep {m1)
o B,

0.5 Bece m2
4 0-time=5.916nsec / time=6.355nsec;ZI Next,

Vin=998.3mV

T I T

\Vout=492 8mV marker_difference generate a
-1.8 T T T T T T T T
58 5.|9 BFD 8.|1 6.|2 6.3 6.|4 B.|5 6.|B B.I7 6.8 980510 IayOUt for :>
Momentum

time, nsec

ADS 2009 (version 1.0)
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Generate the Layout of 1900 MHz BPF

BPF automatically generated and ready for MOMENTUM simulation!

Cond=1.0E+50
Hu=3.9e+034 mil
T=0 mil

TanD=0
Rough=0 mil

Port

P1

Num=1" pepi
— Subst="MSub1"

W=7.4 mil

i) S=3.4 mil
A ] L=627.8 mil
Er-96
Mur=1

C+——11

MCFIL

CLin2

Subst="MSUD1*

W=9.6 mil i

S Subst="MSub1"

Lstagmi S
5=3.4 mil
L=627.8 mil

Undo Generate/Update... k
Place Components From Schem To Layout
Design Differences...

system_prj ] filter_mom * (Layout):37
Edit

Select View Insert Options Tools Schematic Momentum EMDS Window

Entry Layer window:

= Layers

Layers Options Help
Current entry layer

cond

Sel Vis Layers
default
cond
cond2
resi
diel
diel2
hole
bond

symbol

V|
text

leads
packages
ports

bound
silk_screen
silk_screen2

case_dimensions

IHOREEEEEEREEEEER

IROEEEEE

All Selectable ||None Selectable

l All Visible ” None Visible l[

Edit...

filter_mom (Layout)

ADS 2009 (version 1.0)
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b Enable RF Mode \ b

" Substrate
Ports
Box - Waveguide

I=EHS L Heig 9

TLines-Microstrip v d v| R

Jo- = f

vy v v v

Palette = Component
= 8 s Pre-Processing
Maclin || Maclin3 Mesh
Simulation
-15 -lg Post-Processing
MSABND || MSOBND
3D EM
T =
Y
MBstub Mcfil
e=o el
[ -
Mclin Mcorn
Mcroso || Mourve
-Isz -0~
Mcurve MGap
S || L (v <

Select: E 0 items 2005.0000, -150.0000 1420.0000, -455.0000 mil

Q Qi 88 &

MOM menus ...

A/RF SimSchem

W

>

3o Agilent Technologies

Slide 6 - 20




Momentum: substrate, mesh, simulation

= Create/Modify Substrate:20

=/ Simulation Co

ubstrate Layers l Layout Layers

Name: none

Substrate Layers
FreeSpace
MSub1_1

i GND fiffifH

Paste

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

Edit/Define Frequency Plan
Sweep Type

Adaptive v

Start

1 [cHz v
Stop

3 eHz v
Sample Points Limit

25

I [ Add to Frequency Plan List ]

Stimulus
Select a frequency plan from list to edit or define a new one
Frequency Plans
Type F start F stop Npts/Step
iLdaptive 1.0000 GHz 3.0000 GHz 25 max
Thickness ) Substrate Layer Name
[10 |[mi [Msub1_t
Permittivity (Er) Permeability (MUr)
lRe, Loss Tangent VI lRe, Loss Tangent v
Real Real
‘9.6 ‘ ‘ 1 Cut Paste [ Update
Loss Tangent Loss Tangent
IO l [0 Process mode: local Solution Files

Cancel

Foreground v

= Mesh Setup Controls:20

Global | Layer Primitive Primitive Seed

Define here the mesh values for the entire circuit

GHz v

Mesh Density 20

Mesh Frequency

Arc Resolution (max 45 deg) |45 degrees

cellsfwavelength

[mil

I:l Transmission Line Mesh

0

Number of Cells Wide

Thin layer overlap extraction
Mesh reduction
[] Horizontal side currents (thick conductors)

0 Reuse files from the
previous simulation

Dataset
[ﬁlter_lQOO_mom

Browse...

Data Display

Open data display when
v
simulation completes

Template
Presentation1

G

Cancel

Clear

ADS 2009 (version 1.0)
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0 -
| | ]
5 e -10—
: (i -
— 20
o i
= -30 ’
E _ap-
504
Look at the Mesh and ]
s -60 T 1 T 1 1 1 1 1 1 I 1 I T 1 T 1
verify the results! A . a0 o a0
Frequency

Agilent Technologies
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Use MOM to display coupling effects
Use the same layout but add a rectangle alongside the filter:

Coupled Line FiIter\

AN

...draw a trace in close proximity

—— Momentum simulation
shows resonance from
coupling.

freq=2.053GHz
dB(filter_mom_trace_a..S(2,1))=-54.892 Next, the

_80 T T Illlllllllllllll
1.0 1.5 2.0 2.5 3.0 DAC

Frequency

ADS 2009 (version 1.0)
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OPTIONAL - DAC exercise

Write the file:

B z_dac.mdf - Notepad

‘@| S-PARAMETERS I - Z |
File Edit Format View Help ]

S Param BEGIN my_DﬂTﬂ
SP1 - % my_freq{real) my_z(complex)

_ 18e6 18 20
3:?”2330“%2 . ) 18e7 18 48
s p_10 MH DataAccessComponent 1207 288 68
=l i DAC 20e7 400 200
+¥ 1" T File="z_dac.mdf" Nt
Term — Type=Generalized Multi-dimensional Data
Term1 InterpMode=Linear
hum=1 InterpDam=Rectangul
=~ 2=50 Ofm nterpDom=Rectangular
L ExtrapMode=Interpolation Mode .
— . " " Generic
ivari="my_freg MDIE
Z1P_Eqgn ival1=freq
Z1P1

Z[1,1]=file{DAC1, "my_z"}

4uu

. m1
300 freq=100.0MHz
: imag(Z(1,1))=40.000

After S-parameter 0
simulation to calculate Z, =" 1w

plot the results.

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

m1

o]
e e L L L B
0 20 40 60 80 100 120 140 160 180 20

freq, MHz
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