ADS Session

S-Parameter Files,
List Plots, and
Parameter Sweeps

a

Introduction

The primary focus of this session is on working with S-parameter
files of type *.SnP. This format was developed for one of the
first PC-based microwave CAD programs, Touchstone™. Along
the way we will investigate the use of List Plots to display simu-
lation results in tabular form. In the final section a filter/an ampli-
fier cascade is simulated using commercial-off-the-shelve
(COTS) S-parameter files downloaded from vendor Web Sites.
This practical application is also coupled with the first use of
parameter sweeps, a very powerful ADS capability. Parameter
sweeping is available for use in (all?) ADS controllers.

Agilent ADS Documentation/Tutorials

Beyond the HTML help system available within ADS, there is a
complete set of PDF-based documents contained within the
ADS2009 install folder. This folder resides as the root level on
PC installs. A screen capture showing the file names in the folder
1s shown below.

* Note that the file cktsim.pdf contains detailed informa-
tion on the . SnP file format
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S-Parameter Files, List Plots, and Parameter Sweeps

File Edit \View Faworites Tools  Help

@Back - \J L@ /'i:] Search [{_ Folders v

fddress |23 C\ADS200%dac|pdf

v|Go

5| 1wew. pdf cktsimac, pdf dgpll. pdf hsdpa.pdf rFpuar anpreakb, pdf
File and Folder Tasks S 3gppZumb. pdf cktsimbatch. pdf dgpre.pdf hspice. pdf rFswsbudget. pdf
3gpplte. pdf cktsimehan.pdf dgrfsys.pdf hspicecasim. pdf sdfhdlcosim, pdf
:j Wl cimet e = D ckksimde, pdf dgstudio.pdf hsupa.pdf sigconverters, pdf
@ Publish this Folder ta the cktsimeny. pdf dgtdscdma.pdf ibis . pdf sinks, pdf
b : EI adswtb3g, pdf cktsimgain, pdf dogutil, pdf iffc. pdf smithchartutilpdf
E-‘? Share this folder adswtbhsupa, pdf cktsimhb, pdf dguwhb, pdf iFfr. pdf spicemg, pdf
adswtbsim, pdf cktsimhstran, pdf dgwlan,pdf iFFrol, pdf tdscdma, pdf
Other Places a adswtbtds, pdf ckksiminst, pdf dkarch, pdf impmatchutil, pdf timed, pdf
adswtbuwb, pdf cktsimlssp, pdf dkug. pdf install, pdf trans, pdf
[ doc adswtbwlan, pdf chktsimpzd, pdf dlwer,pdf instalpc, pdf usrguide, pdf
My Documents adswtbwman_m,pdf cktsimsp, pdf drc,pdf instio, pdf b, pdf
) Shared Documents ael.pdf cktsimtrans, pdf drmb,pdf instruments, pdf veap,pdf
] allegrolink. pdf connectmui, pdf dev. pdf layout, pdf vchfd,pdf
_d Iy Gy amnc,pdf consalwh.pdf dvnilnklc.pdf lbuilder.pdf vernb, pdf
‘a My Metwark Places anlaglib, pdf cansalvrn, pdf dyrinkug. pdf linecale.pdf werwt,pdf
anternas-prap.pdf contrals-displays, pdf edge.pdf ratlabblocks.pdf verfs.pdf
bhbspice. pdf custonn.pdf edgewth, pdf rnentorlink, pdf werft.pdf
Details | cod data.pdf emds.pdf midbuild, paf vrsp, pdf
dfilter.pdf examples.pdf rodconmp . pdf vesys. pdf
dgblue. pdf expmeas. pdf mom. pdf veriloga. pdf
dgcdmazk. pdf expsim. pdf netlist, pdf verilogaref . pdf
dgfilter.pdf Feflowlc. pdf numeric. pdf widmasg.pdf
; dglin.de FeFIowug.de optstat.de wlanlln.de
cdmazk. pdf dgmixer.pdf gee.pdf pdkbuilder. pdf wilan,pdf
cdma, pdf dgosc,pdf genlink, pdf prolery, pdf wman,pdf
= circosim. pdf dgpa.pdf gsm, pdf relnotes, pdf wman_m, pdf
dgpas.pdf hdlcosim, pdf tfipenc. pdf wsd29, pdf

* The document adstour.pdf gives a nice overview of

ADS projects and gives a brief description of each of the

ADS controllers

Working with . SnP Files

» For linear circuit analysis, in particular AC and S-parameter
modeling, the ability to import data sets of measured imped-

ance, admittance, or S-parameters is very powerful

— filename.SnP specifically refers to an S-parameter
data file by virtue of the fact that S denotes S-parameters;
n denotes the number of ports, and P denotes port

ADS Session 4-2
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Working with . SnP Files

 The ADS document cktsim.pdf explains that 1-99 port
networks can be handled using . SnP files

— This 1s also an excellent resource for understanding the
various format available

e In most cases you will not be involved with constructing
these files

* The format for one and two-port networks is slightly different
from the three and four case, and then different again for
n=>3

» The files are composed of three entry types:
— Option line: line begins with #
— Data line
— Comment line: line begins with !
« Here we will consider the format of just 1-4 port networks

* On the option line you specify the actual S-parameter format
to be one of three modes:

— RI =real and imaginary
— MA = magnitude and angle in degrees

— DB = magnitude in dB and angle in degrees

S-Parameter 1-Port MA, RI, and DB File Formats:

# frequency unit S MA R impedance
freq magSll angSll

# frequency unit S RI R impedance
freq reS11 imS11

# frequency unit S DB R impedance
freqg dbS11 angSll
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S-Parameter 2-Port MA, RI, and DB File Formats:

# frequency unit S MA R impedance

freqg magSll angSll magS21 angS21 magSl2 angS12 magS22 angS22

# frequency unit S RI R impedance

freg reS11 imS11 reS21 imS21 reS12 imS12 reS22 imS22

# frequency unit S DB R impedance

freq dbS11 angS1l1l dbS21 angS21 dbS12 angSl1l2 dbS22 angS22

S—-Parameter 3-Port MA, RI, and DB File Formats

# frequency unit S MA R impedance

freqg magSll angSll magSl2 angS12 magS1l3 angS13 ! 1lst row
magS21l angS21 magS22 angS22 magS23 angS23 ! 2nd row
magS31 angS31 magS32 angS32 magS33 angS33 ! 3rd row

# frequency unit S RI R impedance

freqg reS1l imS11 reSl12 imS12 reS13 imS13 ! 1st row
reS21 imS21 reS22 imS22 reS23 imS23 ! 2nd row
reS31 imS31 reS32 imS32 reS33 imS33 ! 3rd row

# frequency unit S DB R impedance

freq dbS11l angS11 dbS12 angS1l2 dbS13 angS13 ! 1st row
dbS21 angS21 dbS22 angS22 dbS23 angS23 ! 2nd row
dbS31 angS31 dbS32 angS32 dbS33 angS33 ! 3rd row

S-Parameter 4-Port MA, RI, and DB File Formats:

# frequency unit S MA R impedance

freqg magSll angS1l1l magS1l2 angS12 magSl3 angS1l3 magSl4 angSl4 ! 1st row
magS21l angS21 magS22 angS22 magS23 angS23 magS24 angS24 ! 2nd row
magS31 angS31 magS32 angS32 magS33 angS33 magS34 angS34 ! 3rd row
magS41l angS41 magS42 angS42 magS43 angS43 magS44 angS44 ! 4th row

# frequency unit S RI R impedance

freq reS1l imS11 reS12 imS12 reS13 imS13 reS14 imS14 ! 1st row
reS21 imS21 reS22 imS22 reS23 imS23 reS24 imS24 ! 2nd row
reS31 imS31 reS32 imS32 reS33 imS33 reS34 imS34 ! 3rd row
reS41 imS41 reS42 imS42 reS43 imS43 reS44 imS44 ! 4th row

# frequency unit S DB R impedance

freqg dbS11 angS11l dbS12 angS12 dbS13 angS13 dbSl14 angSl1l4 ! 1st row
dbS21 angS21 dbS22 angS22 dbS23 angS23 dbS24 angS24 ! 2nd row
dbS31 angS31 dbS32 angS32 dbS33 angS33 dbS34 angS34 ! 3rd row
dbS41l angS41l dbS42 angS42 dbS43 angS43 dbS44 angS44 ! 4th row

Example: A 2-Port with Constant Parameters

* As a very simple example consider a 2-Port that has fre-
quency independent S-parameters
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Working with . SnP Files

g = [03+/07 06 @1
j0.6  0.3-j0.7

* The parameters are given in real/imaginary form, so we will
use that form in the . s2p file we create

* In the schematic shown below we have placed a S2P element
from the Data Items Palette

EDataItems B Vgém\ﬁ {9’} "l@LE@
Palatte 1

reqh

i

Instance Marme

5 g f

S2P Instance Mame ‘“"“““‘“‘""‘: ----------------------------------

3 = E | o o o a A e e

...................
MEOIF File Interpolation Patameters Display

L] g File Marme . .

4

Et Parameter Entry Made :

[ [ Metwork parameter filename ‘' rv1 ‘r¥&yr 1 - . . ..
i} 3 Tein

i Tarmm2:

5 5 etk Murm=2

a Wl Simple2Ps2p)| Z=50 Ohm

5 :Et 3 = 5 - 4 2 |. 5 - 4 2 e SRR L
et [ Edit... ] o o oo ol s oo pom oo b o8 o a s
[ Copy template. .. ] ...................
e | et [ Diata files list... ]
OeEmbd || DeEmbd | File Type >
Edit Param; Enter co Touchstone w 125, 1.750 0.625, 1,375 in ARF | SimSchem

Block Marme

View Dataset

’ a4 ] [ Apply ] [ Cancel ] ’ Help ]

* Double-clicking on the S2P element brings up a dialog from
which you can import a predefined . s2p file (in the capture
the file was already created)

 Alternatively you can now create a file by scratch clicking
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the edit button, which brings up WordPad

File Edit Wiew Insert Faormat Help

NEE SR #A & B

# GHZ 3 RI R 50
1.0 0.3 0.7 0.0 0.6 0.0 0.8 0.3 -0.7

For Help, press F1 "

» The S-parameter date was entered as a single line below the
options line

— Note that frequency is in GHz, so the single frequency
value for this .s2p file 1s 1.0 GHz

— Just a single value in the data file can be extended to all
frequencies by selecting Constant Extrapolation under
the Interpolation tab

#= 2-Port 5-parameter File:2

Interpolation Method [Linear or 0 w

Interpolation Domain | Data Based w

ADS will generally warn
you if your sweep requires
Extrapolation Method |Constant: Extrapolation lv- data eXtrapO|at|On

Inte Mode
Zan: apolal

[ oK ] [ Apply ] [ Cancel ] [ Help ]

» For vendor data files, where there are many frequency values
present, it 1s important to know the extent of the true data fre-
quency range, so that extrapolation does not cause surprises
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Working with . SnP Files

* In this example the S-parameter controller sweep range is set
for 1-2 GHz in 200 MHz steps

* The magnitude and phase of §;, is shown below

m1 m2
freq=1.400GHz freq=1.400GHz
mag(S(1,1))=0.762  |phase(S(1,1))-66.801
20 180
i 135
1.5—_ m2 90
\ 4
= ©
E 45 g
H 1.0 0 2
g o s
£ y S
05— | 0
] 135
00 L I N T T 1 T [ T T 180
10 11 12 13 14 15 16 17 18 19 20
freq, GHz

— In order to set up a plot with two y axes, we select Trace

T | i bEH EH HEH
i S —
: = aces & Attri :0 AT
"3 EG Plat Type | Plot Options Trace Type Trace Options Plot Axes Trace Expression
alette
R 123 &
k [E==s] 567 &
@ Datasets and Equations Traces
El (
E2zz] freq =ehdds phase(5(1, 1)
Fortz magSil, 1)
PaortZ{1})
Portz(z) =ehdd M. s
5 a
51,13 * axis: Y awis:
,
i> s(1,2) % fixis || s [
a(2,1) ¥ Ais
) XTI
2
A [ show Hierarchy
Manage Datasets. ..

ECE 5250/4250
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» Using the marker display, we can firm that it is correct by
computing the magnitude and angle of §;,; = 0.3+

jO.7 = 0.762£66.8°

* In this case a more useful display might be a List plot, which

can be obtained

= - [o/x)
Degae hl 9 4id e 4 pClicking plot options
Easczp v o EEEEE@ allows format changes
> A M AN oy to the table
Palette 22| Plot Traces & Attribi.ces:0 ] =
- Cl ICk LISt Flat Type Flak Options
.- load 4 params %@ ® B B
frEq Datasets and Equations Traces S(Q 2 )
TN = e || 378280
F Al - | 7
Yoo chr | of [Py eSS | o 0763 /08 01
E@® o
562,10
o
[ show Hierarchy
___[ Ok ] [ Cancel ] [ Help
< b >
\. D:I]El f\ page 2 _/
Final output
pasted in document
with title added
via plot options My Sirple 2-Port
freq S(1,1) 5(1,2) S(2,1) S(2,2)
1.000 G 0.762/ 66.801 0.600/ 90.000 0.600/ 90.000 0.762/ -66.801
1.200 Gk 0.762/ 66.801 0.600/ 90.000 0.600/ 90.000 0.762/ -66.801
1.400 G 0.762 / 66.801 0.600/90.000 0.600/ 90.000 0.762 / -66.801
1.600 G 0.762 / 66.801 0.600/90.000 0.600/ 90.000 0.762 / -66.801
1.800 Gk 0.762/ 66.801 0.600/ 90.000 0.600/ 90.000 0.762/ -66.801
2,000 GHz 0.762/ 66.801 0.600/ 90.000 0.600/ 90.000 0.762/ -66.801
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A Simple Subsystem Design

A Simple Subsystem Design

* Vendor S-parameter files can be very helpful in subsytem

design

 In this section we consider a board level design of a filter—

amplifier cascade

IN ——»

N
%
BPF

f. =15 GHz

Tline

Interconnect

» The design center frequency is 1500 MHz

ouT

» We seek surface mount parts for the subsystem PCB

o K&L Microwave is used for the filter and Mini Circuits is

used for the amplifier

 Use the Filter Wizard (www.klfilterwizard.com)

sssss

(= KaL Filter Wizard - By KEtL Mic:

v [ =[] x

gh2P

BANDPASS

ALL-POLE AND ELLIPTIC

KadL Fil By KL Microwave, Inc i Page = Sefety - Tools~ (@~
™™ Euver WizARBDSRTT........... . H
FILTER WIZARD*

Steps
Step 1: step 2:
Specs »  Results }

SEARCH RESULTS

Ty
e g 2DR25-150050-18 | 4 47 mg
/ e 2DR231500M50-18 | 4 12 e
- KeLfl & | 142082
= 2DHZ-1500MS018 |4 45 oma
L DR3E1500ME018 | o oo o
N KeLfil 2DR33-150050-1.8 [ oo o 13 ;;igzﬁg;f;gn
2 el B R I
= 2DL33-1800TE0-18 | g oo g 12 g;;g:};fégu
Detec ZDREVTSOOTSOPXPN | 1 17 g5, | 08410707021,
e BDH0-1500T50PXPX | 1 42 o5
Dileaie ZDRITE0OTEFNPA | o5 pa |1
TG 2DL30-1500TS0-PXPX | § 2 e
- 31B40-1500M50-PXPX | 4 oo o
<
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/= Kitl. Filier Wizard - By K&L Microwave, Inc. - Windows Internet Explorer

= | | #4
@.\:_,v [e] KFikersizard.com v [=] %) [x
i Favortes | 55 @ - g -
= =~
gK&LFMter wizard - By KeL Microwave, Inc, - 8 | e v Pags - Safety - Tooks - @

PrRODUCT DETAILS

PART NUMBER, INFORMATION, AND RESPDONSE:

2DR25-1500/T50-1.8
328 | W Filter Response
Center Frequency: 1500 MHz = 1499.2 MHz & 0/0.0 ] T T T T T 17.5
3.0 dB Bandwidth: 50 MHz. 55.0 MHz =
Insertion Loss: 1.3 dBa 1.17 dBa § SR 15.0
5
Stopband Atten. 5. §0.57 dBc* £ 10/5.0 4 125 —~
(1000 MHz): 5¢dBc 6057dBct | § @
5 £
Stopband Atten. o o x 15754 100 &
(2000 MH2): 28dBc  42.39dBc = 8
@ 1
* Attenuation only guaranteed to 60 dBc. =2 ELGKY 7.5 =
@ °
g 25/12.5 4 50 G
]
Additional Information: <
2 3015.0 § 25
ertie e | g Download
Relative Price: $ £ 35/17.5 4 [ | | I i 0.0 2 fl
Return Loss: 9.5 0B (2.0:1 VSWR) 7&50 7400 ]"6‘0 7500 7550 7500 75-50 .S p e

Frequency (MHz)

for chosen filter

Size Information:
Inches: 0.40x0553x 019 inches

= K&L Filter Wizard - By K&L Microwave, Inc. - Windows Internet Explorer
illi : Fx13.97 3 —
Millimeters: 1016 % 13.97 x4 83 mm @\:-; - |g‘ ilorwizard com S [= ][] [ | ‘ o

S Favarites | o5 @ - 2] -

— »

For all standard products, due to manufacturing .@K&L Filter Wizard - By K&L Microwave, Inc. & v Pags - Sefety - Took- @-

y +/-10%, actual bandwidth may be wi ¥
¥ 10%. For return loss information, 4 [ DiScLAIMER ] [F'RINTER FRlENDLY] S-PARAMETERS ADD TO QUOTE I 3
&0dBc. For custom requirements and details of

< DRAWING!

Done

Input Connector: Qutput Connector: Drawing Units:
| Leadless Surface Mount V‘ | Leadless Surface Mount V‘

2DR25-1500/T50-1.8

Leadless Surface Mount - Series 5 019
0w —
0.185
0.55 0.220 ]
0.175

012 0.16 D.DE

My y
0.18
0.05 Motes: Drawing is notto scale.
012
D 2 _

' . Tolerances: £ 02inches

Input and Dutput Shown In Red

KE&L Microwave : Home :: Filter Wizard I Enter P/N :2 Products I Privacy Policy I Browsers

[~

| >
@ wiemet 45 - ®ioow -

* We use the Mini Circuits Model Search Engine found at
www.minicircuits.com/products/

amplifiers main.html
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A Simple Subsystem Design

& Amplifiers, Main Menu - Windows Internet Explorer,

B

(<18}

L= minicircuits. com ~|[&][+][x][d

i Favorites

s @

& Amplifiers, Main Menu

A |

- B) [ v Page~ Safety- Toos+ @~

»

M.

W0 f> MODEL SEARCH ENGINE
(FPatent Pending)  (Saarehes asual performance darg)

Amplifiers

Please enter the specification
{minimum data requirement fields are highlighted)

[E3

Packaging Style: @ Surface Mount CPlugn

High

Frequency (MHz):

o
| 500"

O Connector

Min. Gain (dB):

Max. Gain (dB):

Min. Input Return Loss (dB):

Min. Output Return Loss (dB):

Max. Noise Figure (dB): Min. Isolation {dB):

[+ |

Min. Power Qutput (dBm):
(@ 1dB Compression)
—_—

Min. Output IP3 (dBm):

Min. DC Supply Voltage (V): Max. DC Supply Voltage

(V)

i Amplifiers, Main Menu - Windows Internet Explorer

<
= minicircuits. com,

v‘@

4|(x| G

5 Favarites

s 8

9 Amplifiers, Main Menu

M

»

fir v B [ e v Page- Safety - Took - @@~

Wi
WS (s \ODEL SEARCH ENGINE

(Patent Fending ) (Searches actual performance data)

Category: Amplifiers
Type: Surface Mount

Frequency Low: 500 MHz
Frequency High: 2500 MHz
DC Supply Voltage: 3o 12V

Min. Gain: 10 dB

Max. Gain: 20 dB

Min. Isolation: 25 dB
Min. Output IP3: 20 dBm

e Amplifiers,

|

Could not find a perfect match for your specification.
Would you like to try for the best possible match?
My Highest Priority is:
® Gain O Output IP3 O Noise Figure

OR.LOSS OPower Output O None

My Secondary Priority is:
O Gain Clsolation O Qutput IP3 ¢
ORLOSS OPower Qutput O Mone

Clsolation

MNoise Figure

Main Menu - Windows Internet Explorer

Max. Noise Figure: 4 dB 7 .
Min RLOSS I 15 dB @‘C,)' - \m minicircuits,com ~.»| B 4| X |
Min. R.LOSS Qut: 15 dB Tl Favorites | 5l @& - el -
Min. Power Out (1dB Comp.): 10 2 »
| &R Amplifiers, Main Menu [ IR ] [ d= v Page~ Safety - Tools - (@h-
] I ”~
Wi
WWSf> \MIODEL SEARCH ENGINE
(Patent Pending)  (Searches actual performance daia)
. Best Match Specification: ”~
Ampllﬁe rs Frequency Low: 500 MHz
. 7 . - Frequency High: 2500 MHz —
Min. DC Supply Voltage: 3to 12 V Min. Gain 9.5 4B
1 Items found (4.41 seconds) }ng,_(}gmgl,g_d{:{_ - ) n
Click on a "Model Name' to view Detailed Teck-*---""-"--mation
Freguency [MHz] D H Case
Model Name . Curre Price
Download the —— Low | Hgn | Cume | sgie
A GALI-E9 Dc 5000 [ || DF782
.s2pfile B = L= L5 U
v
< \ 3
hittp: ffminicircuits, com/case_styles[DF782. pof & & mtemet 75 - ®ioow -

« We unpack the . s2p files and move them to the data folder
inside the project directory
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« We create a 2-port schematic consisting of the s2p filter
model, a TLINE section, and the amplifier s2p model

— On a new schematic we place two s2p elements and con-
nect the .s2p files accordingly

— An ideal transmission line of nominal electrical length 10°
is placed as the interconnect

— The port numbers are 1 and 2

We create a second 2-port schematic of just the filter s2p
model

— The port numbers are 3 and 4

A sweep from 1-2 GHz in 5 MHz steps is run, except now
we configure the Parameters tab in the S-Parameter con-
troller to also capture group delay information

= Scattering-Parameter Simulation:1 @ = Scattering-Parameter Simulation:1
5_Param Instance Mame 5_Param Instance Mame
Frequency Parameters Moise Output L4 Frequency Paramete% Moise Cutput ]
Calculake
S-parameters |:| Enforce Passivity
Frequency [ t-parameters
Sweep Type Linear W |:| Z-parameters

¥| G del
(®) Startistop ) Center/Span roup deiay

Group delay aperture | le-4

Skart 1 GHz

Frequency Conversion
Stop 2 GHz

[] Enable AC Frequency conversion
Step-size 5 MHz

S-parameter freq. conv. port |1

Murn, of pts. | 201 Levels

[ Use sweep plan Status level |2

Device operating paint level

(%) None ) Brief () Detailed

[0]'4 ] ’ Apply ] [ Cancel ] ’ Help [0]'4 ] ’ Apply ] [ Cancel ] ’ Help
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A Simple Subsystem Design

e In the simulation message window we receive a warning

about independent variable extrapolation

& hpeesofsim 2:0

File SimulationfSynthesis  Text  ‘\Window

Simulation £ Synthesis Meszages

While evaluating “SHP1.CHP1 All"':
Extrapolation on independent wvariable
Warning detected by hpeesofsim during 5P anal

While evaluating "SHP1.CHP1.Z[1]':
Extrapolation on independent wvariable

< b4

E

W

Statug / Summary

* Looking at the plot of S;; and §,; magnitude in db and

group delay in s, we can see the impact of this warning

0 : | 1.0E-8
| | i
-5 [ |
— [ — —8.0E-9
10 Extr{apola’t_lon | | I
outside this | |
== i L Q
5o 154 interval | | 60EQ &
i) | | I 2
a5 2] | | e
ealesl | | L 40E9 &
25— | : -
| L 20E9
30— I |
| -

» The frequency span of the filter S-parameter data is limited to

a fairly narrow frequency range

» We can change the extrapolation method for the s2p element

Interpolation Mode
Caonstant Extrapolation

Extrapolation Method |Interpolation Mode [»

Iy

ECE 5250/4250
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S-Parameter Files, List Plots, and Parameter Sweeps

20 1.0E-8

0— 8.0E-9
== | 60E9 2
0 20 60E9 &
g0 2
NN =
nm L A0EQ i
35 40 40E9 &

60— —2.0E-9

'80 T T | T | T | T | T | T | T | T | T 00

10 11 12 13 14 15 16 17 18 19 20

freq, GHz

— Here we see a perhaps more pleasant result, as we know
that the filter S5 should be large out-of-band, but we will
learn later that it 1s likely to be periodic for some filter
types, hence we have no way of knowing if the extrapola-
tion here 1s accurate of not

— The other curves have a smoother look as well, but again
the extrapolation can be dangerous; best not to take
chances

— It 1s best to confine the sweep to the interval supported by
the data files in the simulation

 We narrow the sweep to run from 1.4 to 1.6 GHz and
decrease the step size to 1| MHz

» The results for just the filter are shown below
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A Simple Subsystem Design

0 1.0E-8
'5_: 8.0E9
10—
= ] - X Q
o : 60E9 &
NS . Q
e y— <
B 9] -~
m T N
0 . L 40E9 «
-20—
] - 20E-9
25
B 00
140 142 144 146 148 150 152 154 156 158 160

freq, GHz
Creating another plot window, we now overlay gain plots
(S,; and §,y), for the cascade and the filter alone, respec-
tively

We have turned m1 m2

on marker Delta
Mode so we can
see the difference

ind Delta=0.000
dep Delta=19.134
Delta Mode ON

freq=1.500GHz
dB(S(4,3))=1.165

between ma 20
and m2

10—

3

1.40

I N R N I
142 144 146

1.48

LT
150 1.52

freq, GHz

ECE 5250/4250
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« We observe that the gain difference between the filter alone
and the amplifier is about 19 dB

— Recall that an amplifier gain of 10-20 dB was requested,
and a filter insertion loss of up to 6 dB was allowed

Parameter Sweeps

 To finish this session we will now consider parameter sweep-
ing

« Parameter sweeping is discussed beginning on page 99 of the
Agilent cktsim.pdf document

* The basic idea is that we wish to varying some parameter of
the circuit/system we are simulating

— We may in fact chose to hold say frequency fixed and just
see the impact of some parameter variation, e.g., line elec-
trical length, at a fixed operating frequency

 In ADS we can accompish parameter sweeps most easily
using the Parameter Sweep controller, but more complex
sweping can be accomplished with the use of the Sweep
Plan controller

Component Interconnect Length Sensitivity

* In the filter/amplifier cascade simulation we set out to inves-
tigate changes in system gain as the electrical length of the
filter—amplifier interconnect varies
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Parameter Sweeps

« Place a Parameter Sweep block and an Var block on the

schematic

* In Var block we define
the variable the will be
swept, here Eline

* We list this variable in
quotes in the Sweep
block and the controller
name in quotes below it
(see yellow highlights)

* Finally set the parame-
ter sweep range

& [ Sessiondpc_prj ] System_Filter_Line_Amp_Sweep * {Schematic):1

File Edit Select “iew Insert Options Tools Lavout  Simulake  window  Dynamiclink  Desigr

MW@@QEWQQQQ@

o e — 1. ...:::::szﬁpﬁ
A |@| SPARAMETERS l/f i
SP SPLb

oEzgs8 L

‘| Simulation-5_Param

Flle 2DR251SDD |_T50-1_8.sZp"

S Parsm - - - LT T T T
SPL . . . . . Lo [. .] :'.._
S;;::p Gtat=1.4 GHz | P .o . TUN

P Bl P Stop=1.6 5Hz Lo Term . . B D RS /7
. S.te‘.’ TMRz 7 Terml = =500 Chm

_ um =1 E=Eline
pkion e,m EVAR ...... Yesyond ' ¢ - - gm - Ciie. .
........ L A . ogNp3 . . RETE

- "”.9 o L i :

m

Sweepiars"Eling" -~

SiminstanceMam<[1="sP 1" - -
Slmlns‘tanceN.amB[21=

Siminstanceniam e[s]=
© SiminstanceMameBl= - 0 0
T T

..............

[=NEAEE

Select: Enter the starting paint

PatamSwesp Sweepl  wire 0,750, -3.375

* We run the simulation and will obtain a family of curves, in

this case S21 in dB

1010 190 2]
sweep of ]
TLine elect. i
length 10—
SN
1%
nm
[oho]
20—
'30_ I | I | I | I | I | I | I | I | I | I
140 142 14 146 148 150 152 154 15 158 160
freq, GHz
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S-Parameter Files, List Plots, and Parameter Sweeps

 We can hold the frequency fixed, at say the band edge fre-
quency of 1.56 GHz and see how the gain varies a a function
of the interconnect electrical length

* In the S-parameter controller we set the sweep type to fixed
and then set the frequency to 1.56 GHz

Frequency
Sween Type Single point ,\f

Startfstop Linear
Log

Frequency 1.56 e
Stop 1.6 iaHz
Step-size 1 MHz

Num, of pts.  [z01

[ use swesp plan

» To set up a plot versus a sweep parameter variable choose
Add Versus after selecting S (2, 1), then choose dB and
finally a list to Select Independent Variable from appears
where you can choose E1ine

Flot Type Plok Options
2O & B |
HH 567 8 £ Select Independent Variable:0 E|
Datasets and Equations T aces Select the independent variable:
Systern_Filter_Line A+ Trace Options... System_Filter_Line_mp_sinesp b
delay(3,4)

e A e

PortZ(3) delay(4,2)

PortzZ(4) delay(4,3)

; G ]| |f 2=

S Choose

5(1,2) freq

<<Delete<

51,3 dB. then FoOItZ

31,43 ’ Portz(1)

5(z,1) Portz(z)

wy g Forz(s

of? A Prrt?id b
[1 show Hierarchy

Manage Datasets... [ ok ] [ ] ] [ izl

[ Ok ] [ Cancel ] [ Help ]

 The following plot appears
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Parameter Sweeps

m2
ind Delta=100.000| |M1

dep Delta=1.445 | |indep(m1)=90.000
freq=1.560000GHz|  [Plot_vs(dB(S(2,1)), Eline)=4.666
Delta Mode ON freq=1.560000GHz

6.2

mZ

6.0

5.8+

5.6

5.4

aB(S(2,1))

4.8 1

4-6|||||||||||||||||||
0 20 40 60 8 100 120 140 160 180 200

Hine
Interconnect Line Length (degrees)

« We that at the band-edge a change interconnect length results
a forward gain variation of about 1.45 dB

— A finer parameter step would have resulted in a smoother
plot

 Clearly, parameter sweeping adds a lot of capability to ADS

» Ther is also a Tune and Optimization capability that will be
investigated sometime in the future
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