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Course Topics
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Here is ADS Simplified: 3 steps

E‘ STEP 1. design capture

{“.}}\ STEP 2: Simulation

Insert circuit & system
components and set up
the simulation.

>

i ‘ STEP 3: display the results

Plot or list data & write
equations.

—

Netlist is automatically sent to the

simulator.

Simulation results(data) are
written to a dataset.
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Starting ADS and creating a project

4D Tools b
[, ADS Documentation

@ Advanced Design Systemn 20034

AIDA32 - Enterprise System Information.  »

Dnanft Y B Advanced Design Shstem
Codec Confignre v T8 RF Designer
CyberLink PowerDVD | BN Uninstall ADS

i Advanced Dezign System (Main) |Z| |E| rg|
File View Tools Window DesignEit DesignGuide Help

l5lE] =% O BEE
=& lab1_pn C:huzershdefaulthlabd _pri

File Browser Project Hierarchy
T

£ data

23 mom_dsn

£ netwarks

23 synthesis

22 verification

i

New Project

O N - e ===

Mame

|C:\usershdefaulty u Browsze...

= mserddetontidabl—pif Project Teefnology Files:

To create a new pl‘OjeCt: /iﬁ]S Standard; Length unit--mil j Wiew Detailz...
click the folder icon or File > /
ak. Cancel Help

New Project and name it. —
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" JEE
I°roject directories are created and a

blank schematic window opens!

& Advanced Dezign System (Main)

File Wiew Toolz Window DesgnEit DesignGmide Help

S8 =% (O BB w

File Browser Froject Higrarchy

w C:hasershdefaulthlabl_pr

t. .
+-C0 data .
& 3 mom_dsn NOTE: A new schematic becomes a .dsn
+ g ﬂetTf*ﬁS file in the networks directory only after
+ gpnthesis : :
-2 v};rificatinn yoOu save it with a name.
|
I ozersd efanltlabl po

ADS automatically creates these directories for every project. But they are
empty until you create the schematics, simulate to produce data, and
display the results.
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Schematic window @

Move, copy, delete, undo

i [ labl_pr ] ontitled]l * (Schematic):1

File Edit Zelect ¥iew Inset Option: Togls Lewout Simvlate WWGME Help

Use —

icons to
create,
open,
and
save
designs.

e|E)s

<l

=)}

""" foy [y eNtiE)

|Lumped—Cnmpune

ai

it
R
Ay
L
=k
[
R y

06 Feed

3 |- |33

=

SHORT

FLG

FRL

= -
= =
ber] Cr)

o
SLG

m_%
=
=
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nts ~|[pRLC j@* =
\ \
: Zoomingand =~ 'Rotate

Lumped-‘ith Artwork

* Sources-Controlled

- aources-Freq Domain
- Sources-Modulated

. Sources-Moise

. Sodrces-Time Domain

Simulation-DC

~ Simulation-AC

Simulation-5_Param

" Simulation-HB

© Simulation-LS5P

© Simulation-XDB

- Simulation-Envelope
. Simulation-Transient

g\

= za
Qi
=
=
il

~View all icons.. : @’J, = F,z@”'

components for creating schematics
and simulation setups!

ADS has many palettes — with many

Belect: Enter the starting podnt

0 itermns M TE 1.500, 1.250 0.000, 0.000 i ARF

Sim3che;



Inserting and editing

End command
or use ESC

# [ labl_ prxj ] untifledl * (Schematic):1

Push / Pop for
sub-circuits.

Components

Activate / Deactivate

File Edit Zelect Wiew /I,;&-Q

Options  Tools Lawout Simulate Window  DomamicLink DesipniGund

2005 Aug

& | Fesa +z -z - = [ a2t e
Dle|@|a( 1) Hlea] 9o 4R alaaEE]L) F\@% RER
~_~
|Lumped-Cumpunent5 :@_C j Tl L ﬂjl\ N4
e i‘ / * Edit components to see and
R R * :
e -Component Hrstory type ST - modify parameter values.
L |t _the name = get the o I
'_}G'_. o Component |_1 . L Parameter Entry Mode o
. L=1.0nH i ||nstance Mame (namel<start:stop>]) |Standard j
vl IR Y 0+ = :
foFeed § DoBIch - JFH' [H” T - L7 [ =]
_E_. ﬁ }LJ —‘iJ [» J EI % oo a ?;mn: Equation Editor... |
SHORT | MUTIND . I:'L_; N LA . mso'?:: Optimization/Statistics/DOE Setup... |
P (el IS
PLG | FPRG ' Notsonyes
m Mﬁ?eh
PRL | PRLG @
sl | et | | | |
SLG SRG ﬂ L : Inductance
- - ’ 0k | Apply | Eancel| Feset | Help |
select: Enter the starting poit 0 itermns M LEE 2875, -0.250 2000, 0.250 in  ARF Bindche:



Hot keys are labeled

i [ labl_pr ] antifledl * (Schematic):1

File BGES Select View Inset Optons  Tools Lewout Simolate Window  DomencLink  DesignGuoide  Help

Tndo

+ | rs +z_ |-z ‘- = e nE
: o 1 A :

C o IR R ' Q|1 8, ole=| ot | (B3N
— 7

Cut 1 - EEEE
Lo O (O] 2@ )i mal &) & | V[ &

Capy
H? Advanced CopywTazte _—
; Delete -Wire | .

Dielete 411 AN :
L - ere or
i Move Pin label .
| Eotate

Mirmor About
i

Mirror About ¥
OGFe

Advanced Fotate
=
sHOl  Component 4
*Gm Edit Text...
AF Wire/Pin Label »
-'-l:,\: Zcale/versze L
PRI M3 ’
—  Modifv »
wanr]
5L
T Froperties. ..

Select: Enter the starting point [ items Wrire 4135, 0875 1.250,0.375 in  ARF Simicher
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Check your schematic for errors

Tools > check representation

Bl Check BEepresentation:1

<

R B B

Open connections

Busz connectivity errors

(X

FModal mizmatches [schematic v lapout]

Fort/Fin mizmatches

Farameter walue mismatches [schematic v layaut)

Owerlaid components

Cancel |

Help |

] I DC SRCZ?, pin 2 (2.500.-1.125)
< There iz one unconnected wire:

+

=3r
=L

%@fﬁ%

f JFél!fq

rlln

<
i
. o - [ _Probe
¥ D L
Fl] SRCT
= Vde=VCE
e L JEN
. l- ..

_0c
SRCZ
Idc=1 maA

BT
“Model=8JTh1

MEN

2005 Aug

M Check Eepresentation Eeport:1

(<]

Report for C:susershdefault-labl_prjsnetworks error (schematic):

Th r= one unconnected pin:

Connecting (2.500000,-1.000000) (2.500000,-0.375000) (3.3750

LB

b DG
Fl SRo1
= wdc=VCE

* B

L . . . . BILNPN
| oo B

sRrc2 Mo

\ID T Tt

gl=B8JTh1 ~

View > clear Highlighting



"
First step: insert a Simulation

Controller

*NO}E asterisk means schematic is not yet saved.

i [[labl_prxj ] Ipf * (Schematic):1

File Edit Zelect ¥Yiew Insrt Options Tools Lawout  Sdmolate  Window  DyvmamicLink  DesigniGuoide  Help

|| (@ 1] fott] 0] D.00] o[RS L leR| | @[5
[Simulation-S_Param ~| [crounD SO == s N U ‘@ i
L~ ~
{%}ﬁﬂifiiifﬁfiﬁZZZZZZZZZZ"""""""""'Z
~_5 F_+"Options
e | S | Click the gear and. msert the ]

T Swp .
5 controller.
OzcTest | Term o Sta=10CGHz -
o] (B[ | 0T Seosone

E =
=

=4

=]

g%

3\(\

. . . . . . . . . . . |erm . L ' ! [_' . T.Erm.
e L2 Term - -J_m- Co b J_—cz -] remz -
MasGain | Prriain T - o e N .::11 drw c=apF . . |2 ume=2 . .
=50 O =500
VoltGiain | VSWR SR - Tt
M| e : R T A
Ganfip | b | ¥ | = = = =
< ¥
Select: Enter the starting point = _Param 3P1 W ie 6.000, 1.250 4.000, 0.000 i ARF BimSche:

2005 Aug

/O



"
Next, edit the Simulation parameters.

| | Output tab
. |@ S_PAHAMETEHS I . S5 _Param Instance Mame a”OWS you to

SP1
——— ' select what goes
S_F'ararn Freguency ]Pa:rsnieters] Woize ]Dutput ]Displa}r]
Cepr to the dataset
- Sweepvar='frer” © 1 By'default, freq is the swept variable here! \
- Etep=100MHz { -7
. plop=2GHz
. .Step=1l;ll:l |"."|HI - Frequency
| Ernalqgnpve_rsiqn=nn | sweep Type - DISplay tab lists
JICHOEE=YEE .
i (¥ Start/Stop {~ Center/Span a” the Set'“ngs
. . Start 100 MHz ] for on screen
Edit on-screen if the parameter St 2 [GHz <] display
is displayed or use the dialog L MHz <]
um. of ptz. IED—
box.
[ Use sweep plan | J

Ok, Apply ( Ean% | Help
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Running the simulation

Click: Simulation > Simulation setup:

Before you simulate:
*You can name the dataset file.

o|f not, default dataset = schematic name.

Dataset files (.ds) are in the
DATA directory.

Data Display windows (.dds)
are in the PROJECT directory.

To simulate: use F7 key, click
Simulate, or click the gear icon on the
schematic.

2005 Aug

M Simulation Setap:1

Setup | Single | Parallel |

D atazet

|IpA result
D ata Dizplay
(Ipf display

Browse. .. |

Browse. .. |

v Open Data Dizplay when simulation completes

Sirmulation kMode
i+ Single Host

" Parallel Hosts

Simulatel | Apply I Cancel

Help




Simulation information: Status Window

One way to stop a
simulation, click:

Simulation/Synthesis
> Stop Simulation

If there is a warning or
error, it will appear here.

A successful simulation
results in a dataset:;

2005 Aug

{5 hpeesofsim 526320

@, aimulationfmthesiz  Ted  Window

Simulation « Synthesi= Messages

Warning detected by HPFEESOFSIH during netlist parsing. M
cpp: line 3, Warning: Unexpected text in #control line ignore
#ifndef inc C  users default_nec_actiwvelibraryvw? 0 Lib for ads
Warning detected by HPEESOFSIH during netlist parsing.
cpp: line 8, Warning: Unexpected text in #control line igm:ureV

.ﬂ'l'F'ﬂl"ﬁ'F 'I'I"ll_" F MR Hﬁ'FFl'I'I]‘f’ bl ;I“""i":?;]'ih'l’";l'l’"‘:?'l?? rl T'I]'l 'Fﬁ'l"" PHQ T
4 ¥
Status - Summary
P
HFEESOFSIM (#) 20034 300 Apr 9 2003 (built: 04-09-03 22:50:55)
Copyright Agilent Technologies, 1989-2003.
SF SP1[1] <(GEME netlist):  fregq=(100 MHz-:Z GHz)
Resource usage:
Total stopwatch time: 1.19 =s=econd=.

Simulation finished: dataset "lpf' written in:

"Cosuzershdefaunltslabl_prjsdata’ w

£ >

‘ ....] When finished, the
Data Display opens...

/3



Data Display window =]

If automatically opens or you can open this window from any Schematic or
the ADS Main window:

22| Ipt [page 110 [=]{E3
File Edit ¥iew Insmrt Marker Page Optonz Help
Default dataset Ole@|@| B @] o 4@ alalal 4 x|
[ - Lall ol o 1] st e || &
Fllrst,l_selectza < @&| 5| eData displays open empty the first time,
plot, list or Egn @8 7| unless you use a template.
for the data.... g _ _ | _
k AN *You insert plots, lists, equations using the
o1 4| default dataset file or other dataset files that
ool are specified explicitly.
A
L > -
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List or plot the simulation data...

Other datasets and

STEPS: I — DDS equations, click
. = ———— " here!
igzzﬁgr;the plot, list, or | | ||| | 1] ©f « ] @ oy e |
| m RN EETERE]
2.Select the data or i T
equations. T
3.0ptions — edit data H @ /& |m Bl
or plot_ . Datazets and Equations '/ Traces
e I |Ipf | | Trace Options... “ I
4save / name the { :LDL: anla adding complex data to a plot PorZ(1] = ERTT
. at only supports scalar data. Parz(2] b
DDS WlndOW " How would you like to handle thiz data? gin
E @ i : Trace Options:edit
AN e data traces or
1 Magnitide equations here.
Measurement equations C Phase e deresd. |
and variables from " nedos [ Show Hioarcy L
. maginary park _|
schematic are also - o s Manage Datasels..|
available.
Cancel I} A Helr r

2005 Aug /5



You control all your simualtion data

File Edit View Inset Marker Page Options Help

, Jleg|s) | 5] 9f +[&ad u
o 0 e

Dielta Mode Off

1
fretrEElD.DMHz

B | & | =~

¢ o — dBIS(2.1))=-0.469
2 [ Fymarkerfius o ——m |
R AR : 2
~ 4] Bl 516
SR RS z S ] 2] ] :
@' 2]

& (2 )b |

sInsert > Templates

T T T T T T T T
00 02 04 06 08 10 12 14 16 18 20

|0

freq, GHz
Create Pages “
) marker_diﬁ=m2-m1 e
eZooOm into plots T

T equation 73k
Scroll through lists BRI L T

p ST 5
Ehm

2005 Aug /6



Tuning [Parameters: tune mode =

simulation

Tuning allows you to tweak parameter values and

see the results!
T 11

Teshincluds_NEC_ACTIVELIBRARY

HEC_ACTIVELIBRARY Lib

""" Svaeplfar="frag"

. 4 . . Etaf=100MHz
Sop=2 GHz |
Step=100 MHz
FredEu'nvérsi-':ln?nu '
CaleNoise=yes
TEIM
Termi -+ - - g1 -
Mur=d . — L e Dol
=50 Ohm

2005 Aug

@ ‘ Simulate > Tuning...

B Tune Control

Select a parameter bo bune by clicking on it

Simulate: After each change
Trace Histony —1 |
3 =]
|
J
Ipf.C2.C [pF] —=1
3..'-"3EIIZI;I
l
/
Ipf.C1.C [pF] —=1
1.53[!5;|
Update Details | Reszet | Ear‘u:el| Help
rml
freq=1.100GHz
dEl[ES(Q,ﬂj:-E.GD
i
1]
= ml
= 2
L)
% 3
-4_|
-5

T T T T T T T T T
0D D2 04 DB DB 1D 12 14 16 18 20
freq, GHz



Review: contents of an ADS [Project

Directory

Project

ﬂ_

B |&

.dds files (data display server): Data display
windows you create to display simulation data.
You cannot see these in the Main window. (7
project »)

data directory contains .ds files (datasets).
This is the simualtion data.

Networks directory contains .dsn files (designs).
— These are layouts and schematics with

simulation setups.

Preference files & ADS netlist.log

I Delete Design or File

Directons: Les\defaultilab_pritnetwarks',  Browse...

File Type:  [crre *|  Fier
Brar.dsn :
|pf.dsn 'dd
".zap
k. | Bpply | Ean|:e|| Help |

A

To delete ADS files,
use the Main Window

mom_dsn (Momentum)

These miscellaneous
directories are not
required for most circuit

Substrates (Momentum)
Synthesis (used for E-Syn & DSP

— Verification (used for DRC) simulations.

notebook

command:
File > Delete Design

LMD e )
[SR AN V0 M b

\(.A9

/8



2A1P your projects for e-mail or disk

From the Main window, click: File > Archive or Unarchive

M Archive Project

Archive Project |E:"«users“«default"~|al:n'l_pri

X/

Browse... | “Working Directory | Startup Directory | Example Directary |

v Archive Project Higrarchy

ToFile: E;\ugerg\defaumlam_pri,z&F‘\Bpwse... Wworking Directary | Startup Directary

ok,

Cancel Help

B Unarchive Froject E]

Unarchive File: |E:'xuser3'xdefaulﬂ

Browse... | ‘working Directaory | Startup Directary

To Directary: |E:'xuser3'xdefault

[vw Open Project After Unarchive

Browse... | ‘working Directary | Startup Directary

OF.

2005 Aug

Cancel Help |

NOTE: Archive
files become .ZAP
files.

They can include
all networks, data,
and display files
(entire project).
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" JE
Course Topics

m 1:Circuit Simulation Fundamentals

m 2:DC Simulation and Circuit Modeling

m 3:AC Simulation and Tuning

m 4:S-Parameter Simulation and Optimization

2005 Aug
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" A
DC Simulation

m You get steady-state DC voltages and
currents according to Ohm’s Law: V=IR

sCapacitors = treated as ideal open circuits
e[nductors = treated as ideal short circuits

*Topology check: dc path to ground (if not =» error
message)

eKirchoff’'s Law satisfied: sum of node current =0

2005 Aug
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DC simulation controller

Palette and editor (dialog box)

|Simulation-DC |
(n_c\m\i» @ DC-
i o " - | -
FrmnSwp
- Oz
Haset| | {0 .DC1 . :
- Sweepvar="vce"
Meaz
Temp Eqn

Sweep: allows you to sweep a

parameter but it must be declared as a

variable. Note the dialog entry
automatically puts quotes on the
controller (screen) entry.

VAR =) (BEE5

. WARTL
Veesay

2005 Aug

Initialize
Vcell

IDC Operating Foint Simulation:1

DC lhstance MName

[DC
Eweep ]Pamnmters] Ouatput ] Dizplasr ]
Swept Variable in the controller

Farameter to sweep |"-.-fv:e

Parameter sweep

Sweep Type |Linear ﬂ
f* Start/Stop " Center/Span
Start ||:| |NDr‘|E j
Stop (50 |N|:lr'|e j
Step-zize ||:|_-|| |N|:lr'|e j
MHurn. of pts. |5-|—
[ Uze sweesp plan | J
ak. Apply Cancel Help

22



DC |IParameter

il Window  DamanncLind Desig
Simulate F7
Simulation Setup...

Ztop and Eeleaze Simulator...

Tuning. ..
Srmart Simmlation Wizard

Highlight Hode. ..

Brief Devire Uperating I
Clear DiC Annotation

Anapshot
Tpdate Optindzation Values

GFenerate Bud get Path. .

Available after simulation on
schematic.

2005 Aug

8 W Device Operating Point:4

.Y
¥ _SOURCE SRC1 i
Is ~0.00334486 S VAN
Power —-0.0167243 V—DC
Vs g Il +| SRC1

v —
¢ | 3 o Vdc=5V
TR Print | Clear | Help |

You can get V, |, and Power!

23



Schematic Annotation of DC values
Immediately after DC simulation, click: Simulate > Annotate DC

Simulate >

Clear it here

Solution.

Anmotate DT Soluhion

Detatled Device Operating Poimnt

Brief Device Operating Pont

-y Clear DC Annotation

. 3.34 mA

5 \/

-3.34 mA’
t V_DC
-+ SRC1 -

. = Vde=5V -

303V
e
R
RB |93TmA
R=56 kOhm

- bjt_pkg -
-1 .
. beta=160

334 ma

2005 Aug

FR. . ..
oRe
R=590 Ohm

No controller settings necessary!

% |oc]

. DC1 .

Minus sign used for current flowing
out of a connection. Otherwise,
current flows into a connection or
device.

DC Simulation Controller is
required in all simulations if you
want DC annotation.

2¢



Wire/lPin Labels (hode names) in

schematic

HAME

To label a node, use the icon:
*Type in the name, point and click.
*You get node voltage in the dataset
*Use these in equations: dBm (Vout).

«Connect two pins by name — without a
wire.

Move and edit the label names
(attributes).

*YOu can also create busses.

2005 Aug

-

Wire/Pin Label

X]

W

Enter wire label and click the wire or pin

To create a buz or bundle, uze the following spnkas:
Bus - bazename<start stoplincr]: Ex A<03:
T apped wire - bazename<indes: Ew A<l

Bundle - wire_labellbus wire_labelbus.... Ex 4 B.C OF A<0:3: B

Help |

TR, ..
»>RC
R=590 Ohm

Cloze |
R
R=56 kohm
-
b

~ bjt_pkg -
.1 .
. beta=160



"
Wire/lPin Labels (hode names) in

schematic

M Wire/Pin Label:4

x]

To remove a label, use the icon: wia/Fir Label

With a blank (no name), click on the node. |

Enter wire label and click. the wire or pin

. . . e
Or Ed |t > WIFE/PIH Label > RemOve To create a bus or bundle, uze the following syntax:
. . Bus - bazenamesstart stopliner]> Ex A3
W| re/PIr] Label Tapped wire - basename<index: Ex A0

Bundle - wire_labellbus wire_labellbus,... Ex AB.C OR A<0:3: B

Cloze Help

Wire/Pin Lahel Attributes:4

Fort/Calar Definitian

To edit the label, double click it, Or e . -
use the command: Edit > Wire/Pin " T
Label Attributes
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Variable Cquations: VAIR

[Data items ~[R
=
R . . . .
5 5
e ) VAR
T | 2
- = T VARZ
5
b I
MOIF
5 5
dsk
5 5
sl
5 5
Tzb | 1ah

s
PRIE|

'y
_.‘JrE

Bl

Component parameters can be assigned to

a varable: VAR.

VARS can be used with optimization,
parameter sweeps, and other applications!

2005 Aug

M Yariables and Equations:4 @

YR

Instance Mame [namel<start: stopi])
[VAR2

Select Parameter

#=1.0

Add Cut | |

WaR

Click:

Variable or Equation Entry Mode

|5tandard j
Mame I

Yariable Yalue

1.0 |Nc|ne j

Equation Editar... ‘

OptimizationStatishcs/D0E Setup... ‘

v Dizplay parameter on schematic

Companent Options...

ariable Yalue : Variable equation

oK | Spply |

Cancel | Rezet

Help ‘




Analog Models

[Devices-BJT ~| [BJT_NPN - &=
Model Cards: use a |
. nhing | BJTHEN
built-in symbol and 3
o + |
model card which lists ~ =rejame] |y
all the parameters Bﬁ"{ “
that you can modify. || 1 BJT Moder
Th | . BJT STEJT | EEBJTZ COBJTMA - o o o o
IS €Xxampie IS a —% . NPN=yes Kc= . Cexs ¥if= . Ffez . . .
model. Vel Vel . PNP=na - lsc= ~ Ceo= = Lateral=no - - 0T [P}
—%F _;%ﬁ ls= C4= Imax= Wif= Rhhodel=MDS -
e | CBf=T 0 Ne=  lmelts E T Approxap=ies - - BT
. : © Nfs- - Cho=- f€je= Ptf= - Tnom= = - _
i Hﬁm CVai= . Gbos. Vie= Ti= . Tise=. . . - - MOCEIZEJTMI
Al k= Who= o Mie= K2 Eg= Areg=
Hﬁn B e R e o b
TR 2= Irb= Wic= kb= A= Egll:lrl:
r';,* 5:55.3“4 - Ne=  Rbm= Mjc=  Ab=  AlFarams= TETTI -
2[4 © Br=" - ‘Re= - Xgjc= Fb= - - . p=
Ri7304 | EIT504 - Nr=- - .Re= - Gjs= -Rbngi= . . . . . ¢ 'TﬂSE:
s 5), CoMars . How= o W = lss= . 0 0 _ :
B:T%u: Bﬁ%ﬂi . ”{r:. . .Hclm:. M_IS: .NS.: S ' MDdE—ﬂDﬂllﬂEar
L | K= Do = N
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Symbols, units, names, case sensitivity

Example of on-screen control: ) —
C (component name): changes the component .. C
C1 (instance name). rename it . g; 0 oF

C= (parameter): a number (unit) or valid variable.

Case Sensitivity:
UNIX is always case sensitive:
PC is usually case sensitive:

*For example, insert R — after the first insert, PC
will recognize either r or R.

But m=milli, M=mega, V=volts, and VARS are
case sensitive all of the time!
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" JEE
Hot keys (key binding) for components

Tools > Hot Key / Toolbar Configuration > Component Menu / Hot Key.

M Confignration:4

In this tab, you set Hot HotKey | Toolbar [ Copoieit Moot ey |

KeyS for Components, Available Companents Component MenusHat Key
library items, F BROUND
controllers, and c T

sources. il

<<Deletes<

<<Delete All«

b

Azzign Hat K.ey to Component Menu

v Shift  Kew [RB

[ Ckl [ Al

k. Apply Cancel Default Help

2005 Aug 30



ADS default command Hot Keys

Pre-configured keys: If you don’t like mouse clicks,
E7 = simulate HOT KEY your keyboard.

Cut Ctl+ X

Copw ChlHC

Pazte Cl+ ¥

A
—— Try this now: click the F5 key, e —

select the component, move o im —iT .
the cursor and the text will g |I| ok
follow! - R=0CHM
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"
NVOW: Set up a Hot KKey in a new

Project

STEP 1: Tools > Hot Key / Toolbar Configuration

4

STEP 2: Set up a hot key for the Simulation setup » a. Select the command.

b. Type in the letter: S
@ yp

I Configuration:4

(not case sensitive).
Hot Key l Tu:u:ulha.‘r] Component Menu&lu:utKey]

c. Click: Assign & Apply.

Category [tern
Toolz"Methst Exporth, || Simulate e

ToolshS pice Model Generatar', gl Simulation Setup... = d. Press the S key to Verify
T oolsYJzer-Compiled bodel Stop and Releaze Simulator...

LaEDut'\ Tuning... it works.

Smart Simulation Wizard...

Windowb, — (|| Highlight Mode. ..
DwnamicLinks Annotate DC S olution
DynamicLinkinstances * || Detailed Device Operating Point

Setup Simulation

Current Hot Kew: 5

W
Hew Hot Key
Tl Key: 5 Fleset
[ Shift Clear

Ok Apply Cancel Drefault Help
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Viewing and creating a schematic symbol

Schematic view Symbol view
View > Create / Edit schematic Symbol View > Create / Edit Schematic

Port . . . . . . . .
P

BT _Model L

o o
. oL Y=o -
BT i) P

 Biepets L2320 pH S o 1

© Vaf=50' - ReQO1OhWm e .—
. < . > —2TY YL - I/ Coe e o T C120fF
a BJT_NPN

©
Fort 4 c2 BT
T

B2 - e s o« . - (s U S
- Mum=z2 T Model=BJTM1

T
Sy L=220pH - - . .

e R=

Wemgn s s v 0 o v

. P3 -
. Num=2 - - - - .
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Design parameters for any schematic

Click: File > Design / Parameters to set parameters for your design:

Il Design Parameters:8 a Il Design Parameters:8
M ame: |bit_pkg

General ] Parameters |

M ame: |bit_|:|kg

General  Parameters

2005 Aug

You can copy parameters from other
library models.

Description Select Parameter Edit Parameter
|bit_pkg T'bar;ameler I arne:
eta
Simulation o H H
Companent Instance Hame *Description for library annotation Value Type
[@ ; |F|ea| j
oCOmponent Instance name: Q Default Value [e.g.. 1.23-12)
Symbol Mame [100
SYM_BJT_MNPH - . :
' = «Symbol: SYM_BJT_NPN Opiond
tore Symbals. . | - - Farameter Type
; r — Unitless A
Library Nare *Passed parameter for Bf = beta | = =
|E j Farameter Dezcription
Artwark, [
Mate: An """ indicates current project.
- al | - Type v Display parameter on zchermatic
ow only one instance 3 - o
|FIHEd J [ Optimizable
™ Include in BOM Add | cut | |
v Aillow statiztical distribution
[ Layout Object Mame —
|SEIT23 j Add Multiplicity Factor ) | [~ Nat edited
[ Simulate from Layout [SimLay) )
Copy Parameters From... | [ Mot nethisted
/
QK. Save AEL file | Cancel Help | / oK | Save AEL file | Cancel | Help

34



ol
Insert the model in a new schematic

‘,L:I]l\ Insert the sub-circuit from the library

i Component Library/Schematic: 8
File Edit View Optionz Tools Help

>8] 5 &4 S|

Dl+|=+=[ &/ D)

“Design

Libraries Components
|- Al A Component Description : : : param ete IS
3 |:I§2ws:i[jlfHF] : hit_pkg- - follow the sub-
Frequenﬁ}I Used Analog/RF Cc G [ [ : ° . . l b
-1 Anlog/RF doc beta=100  Clrcuit: Q1, beta,
Lumped-Companents dc net
Lurnped-with Artwork, = etC .

'ort
: Lo s

T e ICONS: Push into and
e i = T Pop out of the

é hierarchy.
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" J
Course Topics

m 1:Circuit Simulation Fundamentals

m 2:DC Simulation and Circuit Modeling

m 3:AC Simulation and Tuning

m 4:S-Parameter Simulation and Optimization

2005 Aug
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AC Simulation

m You get linear small-signhal response and
you get Noise values:

*DC analysis performed (unseen)

*Nonlinear devices are linearized

Kirchoff’'s Law satisfied: sum of node current =0
*Noise contributors defined and listed

*Budget analysis available (for named nodes)

«Signal voltages are peak — noise voltages are RMS

2005 Aug
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AC Simulation Controller

(]

AT

AL Emall Sipnal Simulation:1

AL Inztance Mame

[

Freguencyr Pammtem] Dutput

- Sweepvar="freq"
Start=100 MHz
- Stop=4 GHz

“CalcMoise= -

. MoiseMode[1]="vout’

Turn Noise
on/off: yes/no

AC is a linear or small signal
simulation and freq is defined
in the cintroller not the source.

2005 Aug

L

Set on-screen parameters
in the Display tab

Frequency
Sweep Type hd
f* Start/Stop i Center/Span

Start [100 [MHz |
Stap |4 |GHz |
Step-zize |-||:| |MH2 ﬂ
Mum. of ptz. a0

[ Uze sweep plan | J

Ok Lpply Cancel Help
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AC Noise calculations

Again, use the Display tab

Click
here;: —

NOTE: Port Noise
can be included in
the simulation, but
it does not apply to
NF.

R L ClIE to see your settings on-

Frequency ] Paramsters | Output | Displaxy / screen.

—» v Calculate noize

Maodes for noize parameter calculation

Select Edi Nodes are Wire/Pin
Cvow | -
[out =14 Labels.

Sort by name or b
/ y y

2005 Aug

_pod | o | | / value: in the dataset.
Mode |5c|rt by name ﬂ .
\‘Bynamic range bo dizplay |7 dE 4// Blank glves you a”
W |hclude port noize in hode noize voltages CcO ntrl bUtO IS.
Bandwidth [ |HZ j
Ok Apply | Cancel | Help |
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AC sources are for AC simulations

Three AC sources...

|501TCI:S-FH:II| Domain j |I_AC j
+T +
4| &
V_DG 1 D . . .
ALAG EJ.:-.:}G > - + -V_ﬁ*': -
@ @} ’ SR
'l.l'_;Tone ITohe ’ -‘v’aE:pDIarﬁ -D:I UK
Cé) . Freg=freq.
'l.l'r;Tone In_Tn:-ne - B -
'l.l'r;Harm Ingl-:::a}rm . . .
+ ’ P_ACT
"gp: Dtst |s§n>tst ' FORT
@ . Mum=1 +
Vg Bitst | 1he Dt . Z=50 Qhm .
C":B = Pac=polar{dbmtow(0),0)
Pulse Sq-uare . . F I’E.D] Zf_req .
Swhooth Tri?ngle e
- . AT
& (@) PR
= e e lac=polar(1 0} ma
E I ’ Freg=freq~ =~
F_1Tane | PrTone . . . . .
& | &
L5 2 : : :
FrHarm | P Spect
&

056
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Source parameter definitions:

- s\ AC,P_AC,and |_AC are component names.

SRC1, PORT1, and SRC2 are instance names
which you can change.

*VVac=polar(1,0)V is the default value. The polar
function can be removed.

*Freq=freq is a global variable — you set the start
& stop values in the simulation controller.

*P sources are also ports (ok for S-parameter).
‘Num=1is the port number.

e[| current sources can be used for other
simulations to inject current.

*Arrow in symbol shows the direction of current
flow.
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Setting AC source values

*POWER: The dbomtow function converts ‘
power in dbm to watts for the simulator. PAC

FORTI

MNum=1 .

=80 Chm . . . . .
Fac=polar{dbmtow-10),0)

*PHASE: The polar function specifies phase.
By default, all sources are cosine waves. Use

-90 for a sinewave. ~ Fregsfreq

MNoise=yes
*NOISE and Vdc: By default, noise is turned -7 Vdes10my
on for the P_AC source. Use Display

tab/settings to make visible. Vdc 10 mV is an

Simplify Pac by removing the
offset. plify y J

polar function.

sEquations can also be used: P=1W, l

P=1+*1W, P=complex(1,0), etc.
Pac=dbmto-10]

2005 Aug
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Review of ADS equation types

*VAR: pre-simulation

Use for initializing sweep variables or other
settings. VARs are available in the dataset if
you select them in the Output tab of the
simulation controller.

MeasEqgn: pre-simulation

Use for calculations on schematic and are
available in the dataset by default. Use
node labels and functions.

*Eqgn; post-simulation

Use for calculations in the data display. Use
node voltages, functions, and any dataset
data.

2005 Aug

'- AR
T AR \
Vhias=2y - )
Schematic
. MeasEqgn .
. Meas]

Gain_dB=20%log(mag(Voutymag(¥in))

Data display

=l v_Gain= (magiVout) fmagiving
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Review of Data Display equation editor

Il Enter Equation:3 E] /

Enter equation here:

|ac_sim

|DD_gain=mag[‘-.-"oul]f’mig[‘u"in]

Ermars:

B

freq
gain_voltage
SRC1

‘wihile evaluating "DD_gain'
mig: word undefined

SRCZi

<<Inzert< Vin

[~ Shaow Hierarchy

ldanage Datazets. .

( Functions Help\lD

Equation Properties. ..

| Yariable [nfo...

Help

Cancel |

Expressions, Moasuriments, & Smutation Data
Print version af this ook (PO fils

Invalid equations are red.

*Valid equations are black.

2005 Aug

Click here for DDS

equations:

gain_dB

me

il
group_delay
ma

DO _gain

Schematic MeasEqns
appear in the dataset.

Processing > (hapter 21 e as e

pent Expression Reterence
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LAIB |: Circuit Simulation Fundamentals

1. Start ADS on the computer.
2. Create a new Project. (type the name: labl)
3. Create a low-pass filter design.

a. In the Main window, click the New Schematic Window icon (shown here). ‘
This is the same as selecting the menu command: Window > New Schematic
Window. Immediately, the Schematic window will appear. If your preferences are set to
create an initial schematic, you will have two schematics now opened — close either one
of them.

o [ lab0_px ]| onhitledl (Schematic):1

File Edit gelect ¥iew [Insert Optons Tools Layout Simulate Window DwmamicLink  DesignGuide  Help

|| || e ietlew| @] )00 || @0 018 L] e mi]
[TSMC RF CMOS 0.18um v3.0 =] jc}‘|é_||ﬂ1l||.\|f§.‘i| {9}|@|E|%|

PPPPPPPPPP

MMMMMMMMMMMM

CCCCCCCCCCCC

MMMMMMMMMMMM

DDDDDD

welect: Enter the starting point 0 items fdre 1.750, -0.250 in A/REF  SimSche:
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b. Save the schematic. Notice the top window border of the schematic shows the schematic
name as untitled. Click the icon (shown here) and the Save Design As dialog will appear.

Type in the name Ipf and click Save. This will save it in the networks directory of labl [_'fj']
project. EE—

NOTE on saving designs — After naming the schematic, the Save icon will not bring up this
same dialog box. Instead, it will save the named design. To save the design with a different
name, use the command: File > Save Design As.

c. Inthe Lumped Components palette, select (click) the capacitor C shown here (not the C
model). Then click the Rotate By Increment icon as needed for the correct orientation and
then click to insert the capacitor as shown on the schematic. Next, insert another capacitor.

: Rotate

R
Ic:1.on

it
R
S,
L
=l
G

- |1

|
o
s
-

NOTE: some boxed items (R, L and
C) are models-not components.
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d. Continue creating the low-pass filter as shown by inserting the inductor and
grounds (icons are shown here). Then wire the components together. This will
give you practice with schematic capture. You can try using the copy, move
and other icons or commands.

e. After the filter is built, edit the value of C2 to be 3 pico-farads. To do this,
double click the capacitor symbol or select the capacitor and use the icon
(shown here). When the dialog box appears — change the value: C=3.0 pF,
click Apply and OK.

f. Next, select the Simulation-S_Param palette and insert the S-parameter
simulation controller (gear icon). Use the ESC key to end the command.

g. Then insert the port terminations: Term Num=1 and Term num=2 shown
here.

|Simu|atiun—S_F‘aram . — Y — - -
: . .a-l- Jetm . . 2. o k. L L o . nm. o . 2 Tern ..
Term1 c1 L1 &2 Term?2
W D :‘ - @ amer A TP i e CTERR @ e
5 P | Options S |y [z=s0ohen - | 0 0 0 R | Y | =50 Ok
T | SR | L= =. . .. L . .
FrmSwp = =

B B . . . ..
oelest \Tem | | @ | sPanavereRs |
........... ElolPEfEMT « « = o o o & o o o o o = & o

........... ]

........... stat=10GHz

Stop=10.0 GHz
........... Step=10GHz' © © © oot

2005 Aug

46



h. Use Component History: After the circuit is built,

delete capacitor C2 and then reinsert it by typing or @] 9.5 4 =K
selecting (history) the capital letter C in the Component - -]
History field and press Enter. Next, edit the value
directory on the schematic by highlighting the value and |PROUND
typing over it with the value (3.0 pF). Verify that it has © |S_Param
. . . . - |Term

changed by looking at the value in the edit dialog box.
4. Setup the S-param Simulation. m—— =

a. To setup the simulation, double click on the S- o enes fane
parameter simulation controller on the schematic. When e R e
the dialog box appears, change the Step-size to 0.5 GHz
and click Apply. Notice how it updates the value on the
screen . The OK button does the same thing as Apply S
and also dismisses the dialog box - do not click Ok yet. SweepTwpe  [lpewr =]

b. Click the Display tab and you will see that the Start, B E”li"H -
Stop and Step values have been checked (by default) to Stop 55 o B
be displayed on the schematic. Later in this course, you Stepsizs o5 GHz -]
will use the display tab to check other parameters you . E
want displayed on the schematic. | Vs swespplan =

c. Click the OK button to dismiss the dialog box. You
are now ready to simulate.

oK Cancel Help |
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5. Launch the simulation and display the data.

a. At the top of the schematic window, click the Simulate icon gear (shown here) {@
to start the simulation process.

b. Next, look for the Status window to appear and you should see messages
similar to the ones here, describing the results of the simulation, the writing of the
dataset file, and the creation of a display window. If not, ask the instructor for help.

Status < Sumnmary

A
Simulation finished: data=set "lpf' written in
"Couserstdefault~labl_prj-data’

N NOTE: If you scroll up,
you will see more
simulation information

———— Creating Hew Display Window ———
- Plea=se Wait. .. -

_ Window Created —_

[E

4 b

c. If no simulation errors occurred, close the Status window. You can always get the

status window back using the schematic window command: Window > Simulation
Status.
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d. The Data Display window will appear with the name Ipf in the top left corner — this
is the same name as your schematic. Also, you are looking at pagel which is blank
at this time. Examine the picture below — the next steps will show how to display the

simulation data.

2 Ipf [page 11:0

File Edit ¥iew Insert Marker Page Optons Help

1
©
Y

S

R 4] x|

gl

] B

)/

The default
DATASET name
appears here.

-

57
G (E

—
ra
L]

o

Rectangular Plot

This palette is
where you choose
a plot type, list
table, or equation
to insert.

(11> |[2]| BB |

D>/
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/

These buttons are used to zoom
or scroll through lists of data.
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"

e. To create the plot, click on the Rectangular Plot icon and move the cursor
(with outlined box) into the window and click. When the next dialog box appears,
select the S(2,1) data and click the Add button. Then select dB as the format for
the data. Click OK in both boxes.

B B Complex Datal:0 [$_<|
Plot Tupe ] Flot Options | “fou are adding complex data to a plot

that anly supparts scalar data.

EEEH 123 4
E @ @ =mas) BET & How wiould vou like to handle this data’?

Datazetz and Equations Traces (v idb
i | ——— " Magnitude
Ports »rddds >
ParZ(1] | " Phaze
Part=[2] rridd Ve r " Real part
5
501.1] i Imaginary part
50,2
i Time domain zignal
5[2.2)
Ok C I
Advanced... | - ﬂ

[ Show Higrarchy

tanage Datazets. .. |

f. The plot should show a reasonable low pass filter response.
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g. Put a marker on the trace: Click the menu command: Marker > New. Select a
point on the trace and click to insert the marker. Select the marker or the marker text
and move the marker using the cursor or the keyboard arrow keys. Also, move the
marker text by selecting it and positioning it as desired. Try deleting the marker or
putting another marker on the trace.

tr

freg=E. 000GHz
1 dEI[ES(E,HF-E.SEB—
ik}

-10

-15 _

dBCSI2,17)

20 ]

-I5

freq, GHz

6. Save the Data Display Window.

7. Tune the filter circuit.

This step introduces the ADS tuning feature that allows you to tune parameter
values of components and see the simulation results in the data display. In this
step, you first select the components and then select the tuning feature. If you
select the tuning feature first, you must select the component parameters and

not the components.
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a. Position the Data Display and the Schematic windows so you can see them
both on the screen. If necessary, re-size thewindows and use View All. *

+
i

b. Now, in the Ipf schematic, select both components C1 and L1 using the SHIFT
or Ctrl key as shown here.

AL Term
< Termt
Mum=1

Term . .
Term2
MNum=2

7=50 Ohm

c. Now, start the tuner by clicking the command: Simulate>Tuning or click the Tune

Parameters icon (shown here).

g

Immediately, the status (simulation) window will appear along with the Tune Control

dialog box (shown here). Go ahead and tune the filter using the default settings and
watch the updated traces appear in the Data Display.

2005 Aug



Il Tune Control g@@
Select a parameter to tune by clicking on it
Simulate: After each change
Trace Histary —~1
. = |
l
J
Ipf.L1.L [rH] I—j
1.I:II:IIIIIII;I
|
J
Ipf.C1.C [pF] =1
1.IIIIIII:II:I;I
Ipdate | Detailz | Reset | Cancel | Help |

dB(S(2,1))

-5 —

-30

104

15—

~90 —

m1
freq=6.000GHz
dB(S(2,1))=-9.581|—

freq, GHz
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Move the slider or click on the buttons
to tune values. Notice how the new
traces appear on the s_data plot after
each change.

Each tuning creates another trace.
The marker moves to the most recent
simulated (tuned) trace which is
thicker than the others. This trace is
the s_data dataset which is changed
each time you tune (simulate).




d. Change the tuning range: In the Tune Control dialog, click Details

and watch the dialog change from brief to detailed. Type in a larger Dt |
range such as 6 and then tune the filter again. You should be able to

see a greater range of responses.

Il Tune Conitrol Details

Select a parameter ta tune by clicking an it, or click on the companent buttan ta select by component.
Simulate: ﬂ
Trace Higtory =1 |
|3 =
J kin Scalng Liin  Log
Ipf.L1.L [nH] 5 4 E b & B Step Size R
JI hin Scaling 4 Lin - Lo
Ipf.C1.C [pF] a7 E bd ax £ Step Size TS
A -
Change the
ﬁnmpnnent\b Update | Erief | Rezet | Car ranges here' |

e. Continue tuning until you are satisfied with the results — click the Update button
to have the C and L unit values updated on the schematic. If you click the
Component button you will notice that it allows you to add other parameters to the
tuning . The Brief button returns to the smaller (brief) Tune Control dialog.
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f. When you are satisified with the
tuned response, simply click the
Cancel button and the plot will
contain the final tuned trace similar to
the one shown here. It is not
important to achieve any particular
goal in this lab exercise but simply to

learn how to use the Tuner.

g. Save the data display and the
schematic using the Save icon. Then
close both windows so that only the
ADS Main window remains.
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dB(S(2,1))

10 —

-15 —

e |

-25

m
freq=6.000GHz
dB(S(2,1))=-7.600—

m-1
| | | | | | |
1 2 3 4 5 5 7 = 9 10
freq, GHz

)
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Lab?2:DC simulations and Circuit Modeling

1. Create a new project: amp_1900.
a. Then, open a new schematic window and save it with the name: bjt_pkj.
2. Set up a generic BJT symbol and model card.

a. In the schematic window, select the palette: Devices-BJT. Select the BJT-NPN device
shown here and insert it onto the schematic.

b. Insert the BJT_Model (model card) shown here.

[Devices-BJT ~| [BIT_Model - Q| = | |

= L o

nnnnnnnnnnnnn . . ‘e BT MPM - L . L. L. .

S | P NOTE: The BJT NPN svmbol
5@ | R ' B )

3 ] . D shows Model = BJTM1. This
_é _% - - Mode=ronlinear -

=) I means the symbol will use that
>'{;hicz '{;hicp . ’ . - -

e {; specific model (model card) for
B | Y simulation.

| 2k L BJTM .

Wl || EAFREIES .. MPM=ves . Kec=. | Cex=. ¥f= . Ffes= . . .

i‘éﬁ L%E . PrP=no Isc= Cco=_  Tf= Lateral=no

mrvsoe | exTS0s = C4=  Imax=  Vif= RhModel=MDS

"—%5 _5“ H T Bf=T T T KM= T melt= =T T Approxgh=ves

EITS04 | BITS04 - C M= - © Cho= - Cje=- Ptf= - Thom= .

o NERH .. Maf= . . Gho= . Wje= . Tr= . Trise=. . .

EIT504 | Wortrih . |lf=_ Who= Ije= Kf= Eg=
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c. Double click on the BJT_Model card. When the dialog appears, click Component
Options and in the next dialog, click Clear All for parameter visibility — then click Apply.

This will remove the Gummel-Poon parameter list from the schematic. Keep this dialog
open.

d. Next, in BJT_Model dialog, select the Bf parameter and type in the word beta as shown
here. Also, click the small box: Display parameter on schematic for Bf only and then click
Apply. Beta is now a parameter of this circuit - later on you will tune it like a variable.

Il Bipolar Transistor Model:2

BJT_Model Farameter Entry Mode

Instance Mame [name(<starkstop:]) |5tflﬂ'2|~5"'2| ﬂ
|BJTHA

Bf
Select Parameter

MPM=yes A |beta | Mane j

PP=no = E quetion Edier.. | Click here to display an
Bf=beta

- Optirnization,Statistics/DOE Setup... | |nd|V|dual Value
Yaf=50 )
Tee=002512 >

Ci=
Me=
Br=
M=

ks Use Component Options to
War= I W Dizplay parameter on schematic /

clear all the displayed
|Bf: |deal b ax. Forward Beta, [default: 10000] paramete I'S.

k. Apply Caricel | Reset Help |
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e. Set Vaf (Forward Early Voltage) = 50 and display it.

f. Set Ise (E-B leakage) = 0.02e-12, and display it also. Then close the dialog with OK.
The device now has some more realistic parameters.

g. For the BJT device, remove the unwanted display parameters (Area, Region, Temp
and Mode) by unchecking the box. This will make the schematic less crowded with
parameters that you are not using.

Inztance Mame [hame(<start stope])

BT

Select Parameter

[ Display pararneter on schematic;

Camponent Optionsz. .

tode=nonlinear

3. Add parasitics and connectors to the circuit.

The picture shown here is the completed sub-circuit with connectors and parasitics.
Remember to use the rotate icon for orientation of the components as you insert
them. Here are the steps:
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a. Insert lumped L and C components: Insert three lead inductors of 320 pH each and
two junction capacitors of 120 fF each. Be sure to use the correct units (pico and
femto) or your circuit will not have the correct response. Tip: type L or C in component
history to get the components onto your cursor without using the palette.

b. Add some resistance R=0.01 ohms to the base lead inductor and display the desired
component values as shown.

c. Insert port connectors: Click the port connector icon (shown here) and insert the
connectors exactly in this order: 1) collector, 2) base, 3) emitter. You mustdo
this so that the connectors have the exact same pin configuration as he ADS BJT
symbol.

d. Edit the port names as show here: change P1 to C, change P2 to B, and change
P3to E.

e. Clean up the schematic: Position the components so that the schematic looks
organized — this is good practice. To move component text, press the F5 key,
select the component, use the cursor to position the text.
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;idl : _ NOTE: you must number the
L | ' j ports (num=) exactly as shown
LD o v J_ or the device will not have the
. e=sl de-02 . . . . . . . 0 L. P"‘ ........ C1 . . . . .

- O Ta N e  CAAE correct orientation for the
. . . Fl:lrt' . _|_ ...... |:2 . . . e . .
B TR~ c=120 F | . -E-.J:.ELWMT S symbol that will be used.
................ s e o0 we e
................. LS . . . . . . . . .
................ i.L:BI[IpH .
................. R= . . .
________________ e
............... F:.l . . . . . . . . .
Num=3 . . . . . . . .

4. View the default symbol.

There are three ways to create a symbol for a circuit: 1) use the default symbol, 2) draw
a symbol, or 3) use a built - in ADS symbol. For this lab you will use a built-in BJT
symbol. The following steps show how to do this:

2005 Aug
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a. To see the default symbol, click: View > Create/Edit Schematic Symbol. When the
dialog appears, click OK and the default symbol will appear.

b. Next, a box or rectangle with three ports is generated. This is the default symbol.

However, delete this symbol using the commands: Select > Select All. Then click the
trash can icon or delete key.

c. Return to the schematic — click: View > Create/Edit schematic.
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5. Set up the Design Parameters and built-in symbol.

a. Click File > Desgin Parameters and the dialog appears.

b. In the General tab, make theses changes: 1) change the Component Instance Name
to Q, 2) change the Symbol Name to SYM_BJT_NPN by clicking the arrow and
selecting it (this is the built-in symbol), 3) in the Artwork field, select Fixed and SOT23

as shown here.

Il Design Parameters:2

MHame: ||:uit_pkg
EHETAL| Parsmmeters |

Deszcription

[bit_pka

mponent Instance MName Simulation
|u M odel
|Subnetwu:|rk

L

-

Symbol Mame

[SYM_BJT_NPN =)l
tore Symbols...

Library Name

Mote: An """ indicates cunent project.

[ Allow only one instance
[ Include in BOKM
[~ Layout Object

[ Simulate from Layout [SimLay)
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Built-in symbol:
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c. Click Save AEL File to write these changes but do not close this dialog yet because you
still need to set other parameters.

d. Go to the Parameters tab. In the Parameter Name area, type in beta and assign a
default value of 100 by clicking the Add button. Be sure the box to Display the parameter

IS checked as shown here. Click the OK button to save the new definitions and dismiss the
dialog.

Bl Design Parameters:2 ]
e. In the schematic window, Save the Hame: - bit_pka
design. In the next steps, you will see General Poramsters |
how the Design Parameters will be used. selewi Pk ande oo
- |I:|eta
The parameter beta is Value Type
now recognized as a = =
. . . . Default Value [e.g., 1.23e-12)
variable of this circuit. Its 700
value can now be passed Optional
(assigned) from an upper lF'LT’TE"E” Type =
Ievel hlerarChy When you Parameter Dezcription
use bjt_pkg as a sub- |
[w Optmizatle
H Add | fut | | v Allow stabiztical distribution
NOTES: multiplicity M -
- I Add Multiplicity Factor k] | [~ Mot edited

You can define multiple components in Copy Parameters From... | || [ Mok netisted

parallel. You can also copy parameters

from another device or file. oK Save AEL fil Cancel | Help
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"
6. Use a curve tracer template to test the bjt_pkg sub-circuit.

a. In the current schematic of the bjt_pkg, click File > New Design. When the dialog
appears, type in the name: dc_curves and select the BJT_curve_tracer template as
shown. Click OK and a new schematic will be created with the template, ready to insert

bjt_pkg.
M arme
|dc_curves

Tope af Hebwork,
|.-'1'-.naI|:|ga’HF M ebworl, j

Create Mew Deszign in;

i* Current Window i Mew Schematic \Window i Mew Layout Window

Schematic Dezign Templates [Optional)
BJT_curve_tracer j

BT curve tracer s
ConvPulzeRezpT —
CornvStepRespT
DC_BIT_T
DC_FET_T
FET_curve_tracer
HE1Tone

HE1Tone5wptFreq s’
LIE I Lancel HEelp

11
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BJT Curve Tracer

r
FS WO - . . . . . . I_,PrE!DE. . .
=sRct . ..o e e
~T wdc=vCE _
B LDC -
SR i R SRCZ .
B Idc=IBE
BB =0 A TS
6o/ PARAMETER SWEEP |§§.|DCI.
ArAMoWERD - D S
. Sweep!- .. . . . . . . .oDpCl -
. Sweepvar="IBB" . . . L ... Sweepvars "‘u’CE"
© SiminstanceMame[1]='DC1"  Start=0
SiminstanceMame[2]= Stop=5
- SiminstanceMame[3l= © © © °  Step=01
© SiminstanceMName(d]= S
. SiminstanceMame[s]= - - - . . . .
. SiminstanceMame[gls . . . . D|5p|ayTempl.ate.
- dispternp1
. Start=z0ua "BJT curve_tracer"-
Stop=100 uA, - -
- Step=10 uk

2005 Aug
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few steps.
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b. Save the design and then click the Component Library icon (shown here). ‘,lj]l\

c. When the dialog opens, select the amp_1900 project as shown and click on the bjt_pkg
sub-circuit. Insert it into the schematic as shown here. Every circuit that you build will be
available in the project library as a sub-circuit.

i Component Library/Schematic: 2

File Edit View Opftion: Tool: Help

— = - o | # |
=8| m o)A E2e D=[=+]-]|4]O i
Libraries Components | | J
=|- &l # Component Dezcription i T _|_ —
= Sub-networks ac_sim ac_sim =
lab2_pri [4/FF] o { i o I
Frequently Used Analog/RF Cc e : MI_PRg I
- Analog/RF dc-biaz dc-biaz
Lumnped-Components A dr

d. Connect the bkt _pkg component as shown. YOu = §©H= "~
may have to adjust the wires and text (F5) to make it S LPrope = - |-
look good. Also, you can now close the library B B
window and save the dc_curves design again — it is |
good practice to save often.
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7. Modify the template Parameter Sweep.

a. Change the Parameter Sweep IBB values to: 0 uA to 100 uA in 10 uA steps as shown
here. Do not change the DC simulation controller default settings for sweeping VCE — they
are OK. Notice that the VARL1 variables (VCE=0 and IBB=0) do not require modification
because they are only required to initialize (declare) the variable for the simulator.

Only one variable can

. be swept in the
. controller.

Cozwespt o o o o

siminstanceMame[2]=

© o SiminstanceilameEl= 0 0

© SiminstanceMamefdl= - - Parameter sweep used for

. Siminstancebamelal=. . . . . .

i = A | multiple variable sweeps. Note
CStat=Ous ... 2 wc=0v . | that DCL1 is the name

Stop=100 ud,

CStepstOus - | (SimInstance Name) of the
"""""" - | simulation controller.

VarEqn is required
to initialize variables.
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8. Simulate at beta=100 and 160.

a. Simulate (F7) with Beta = 100. After the
smulation is finished, the data display will appear
with the curve tracer results (data display
template). Try moving the marker and watch the
updated values appear.

b. Simulate again with Beta = 160 by changing
the value directly on the schematic. You should
see the updated values.

c. Verify the values for beta = 160 and VCE =
3V, where IBB=40 uA and IC=3 mA with about
10 mW of consumed power If not, check the
design.

1.0, ma

DC Curves at
beta = 100

IEE=1000E-4

|E =9 000E-5

|BB=8 D00E-5

I6E=7 DO0E-S

|BB=6 D00E-5

Tt

16 =3 D00E-S

IEB= | DO0E-5

|E =3 DO0E-5

|EB=2 DO0E-S

IfE=d ==

. gk

=i
Heta=160

WCE

mi

— [WCE=3.000
5 |IC.i=0.002

[BB=0.000040

hove harker m1 to update

values helow:

WCE

Device Power
Consumption at
m1 hias paint,
Watts

2.000

00410

9. Open a new design and check all your files in the Main window.

a. Save the current schematic: dc_curves. In the same window, create a
new design (without a template) named: dc_bias. Then save the design by
clicking on the Save Current Design icon (shown here) so that it is written

into the ADS database.
2005 Aug
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b. Now, check the ADS Main Window: you should have 3 designs in the networks directly:
bjt_pkg, dc_curves, and dc_bias. You may have to double-click on the file browser
networks to refresh the browser.

c. In the File Browser area, click on the plus / minus boxes and the up arrow (or two dots).
This allows you to see the files you have created in this project. Remember: you can only
work in one project at a time, but you can copy files from other projects and bring them in.

File Browszer Project Higrarchy

Try CliCking the plus =1 labZ_pr C:husershdefaultslabZ_pr
t

(expand) and minus Ly w0 dats

_ +--21 mom_dsn
(contract) boxes. ——— L, C & netwerks

Try theup arrow. — || | E‘ ac_simdsn Projeat and directory

B tit_pka dsn path are shown here.
& dc-bizz.dzn
B dc_c.dsn
B dc_metdsn
+--00 synthesis
+--C0 verification

I Mzerstd efanltilabZ_pry

d. Finally, try the Show / Hide all windows feature. This is used for security or to find
other open windows that are not ADS.
By

In this case, only the Main window remains.

_[Hide &1 The Windows]
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10. Set up and simulate the dc bias parameter sweep.

NOTE on parameter sweeps: If only one variable is swept, you can use the Simulation
controller (Sweep tab). However, if more than one parameter is swept, a Parameter sweep
component is required as in the templates you have just used. In general, all simulation
controllers allow you to sweep only one parameter (variable).

[
DC1 '
o BweepWar"BB"
“hit_pkg - - - Stan=10uA -
o1 . . . Stop=100uA
Cbeta=180 . Step=10uA

L yooc : .VEE.

oo [T VAR
SRCZ ) T VAR
|de=IBE IBE=0A

a. Insert the bjt_pkg using library icon or the component history. Now push into the
bjt_pkg and click File > Design Parameters. Reset the beta parameter default to160, pop
out and delete the bjt_pkg and reinsert it — beta is now 160 whenever you use the
modeled circuit.
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b. From the Probe components palette or component history, insert an |_Probe and

rename it IC instead of |_Probel as shown here.

c. From the Sources-Frequency domain palette or using component history, insert a dc

supply and current source and set their values as shown: Vdc = 3V and Idc = IBB as

shown here.

d. Wire the components together and add the ground (ground icon).

e. Insert a DC simulation controller or DC. Edit (double click) the controller and go to the
Sweep tab and assign: IBB: 10uA to 100uA in 10uA steps. Then go to the Display tab

and check the settings to be displayed as shown. Then click Apply and OK.

f. Insert a VAR (click icon) variable equation. Use the cursor on the screen to set IBB=0 A

to initialize (declare) the variable to be swepit.

g. Insert a wire label VBE at the base. The voltages at that node will appear in the dataset

for use in calculating bias resistor values.

h. Simulate and plot the data. When the data display opens, insert a list of VBE and IC.i
only. Because you swept IBB to get these values, IBB will automatically be included.

Datazets and Equations Traces
_ BB iC] VEE
|dc_bias | | TITES TR T
— — 2000E-5 1.430mé 77 Ay
| I 3 000E-S 2 340m 739 9y
e S
VEE _vAdd Vs | 6.000E-5 £ 380mA 311 3y
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NOTE on results: As you can see, with 3 volts across the device, 40 uA of base current
results in about 799mV across the base-emitter junction, with about 3.3 mA of collector
current. If you want, draw a box around the values at 40 uA IBB.

i. Save the design and data display.
11. Calculate bias values Rb and Rc for a grounded-emitter circuit.

a. In the data display, insert an equation and type: Rb = (3 - VBE) / IBB.

E nter equation here:

= \Rb=[3-YBE)/IBE Rh=li3-‘v“EiEj|f|E:E:

b. Select the Rb Eqgn and use the keyboard Ctrl C and Ctrl V to copy/paste it — it will become

Rb1.
c. Highlight the Rb1 equation as shown and change it to become Hlﬁmﬂﬂ
Rc: Rc =2/ IC.i. The total DC supply will be 5 volts. Therefore, con

with 3 volts VCE, 2 volts remain for the collector resistor.
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d. Insert a new List and scroll down to the Equations menu (shown here), and add Rb and Rc.
Then edit both column headings on the list with a bracketed [3] as shown. This references the
40uA IBB using its index value [3]. Index values begin at zero: 0, 1, 2, 3, etc. You can also use
Plot Options to add a label to the list as shown:

Datazets and Egquations 7 BB NULETY =1 ¥ . .
TTTTETS ~ =T T ke Bias Resistor Values @ 40 uA IBB
j 2 000E-5 111142 833 1398 gy
d% T3EE9 693 851 344 Hh[S] HE[S]
O00E- 55029027 §01.500 -
Et' 5 000E-5 43556103 460 57 Fallza BT 500
= £.000E-5 36479132 371123

12. Set up the biased network.
Now that you have the calculated bias resistor values, you can test the bias network.

a. Save the design (dc_bias) with a new name: dc_net. By this time, you should know how to
do this (File > Save Design As). Also, save and close the dc_bias data display.

b. Modify the design as shown. Begin by deleting the current source IBB, the |_Probe, and the
Var Eqn.

c. Go to the Lumped Components palette or use component history or Hot Key Ctrl R to
insert resistors for the base (56 kOhm) and collector (590 Ohm) as shown. You may need to
use the rotate icon to insert it correctly.
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d. Change the instance R names to RC and RB as shown.

Insert the cursor and type | /%R SR
... . gReen0m

over to rename it to RC.

e ﬁ DC.I o

: . _éﬂ N | [
F=86 kDhtm

.1-__ SR - .. . . . T . .. .. .. .. .

= de=5Y . . . . . . . . IaobetastE0 0

NOTE on components with artwork: Later on (after the last lab), you can easily and
guickly change to lumped components with artwork by changing the component name — for
example, change R to R_Padl, Cto C _Padl, L to L _Padl, etc. Then you can create a
layout of the schematic. For now, use lumped without artwork.

e. Set the V_DC supply: Vdc = 5V. Wire the circuit and organize it.

2005 Aug
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f. Delete the DC simulation controller and put a new one in its place — this is faster and more

efficient than removing the sweep settings. Because there is no sweep, you do not have to set

anything to check DC values.

13. Simulate and annotate the DC solution.

I i ; Data Dizpl
a. Use the Simulate > Simulation setup ata Display
(or Hot Key “S” if you have set it) and uncheck e_net Brawise..
the automatic open data display feature. [ Open Data Display when simulation completes

b. Click Simulate > Simulate, or on a PC try the F7 keyboard key, to run the simulation.

The dataset name will be the same as the schematic — this is the default. You can verify this
by reading the status window.

Simulation finished: dataset ‘dc_net’ written
"Cowuserstdefaultslab?_prisdata’

c. Annotate the current and voltage by clicking on the menu command; Simulate >
Annotate DC Solution. If necessary, move components or component text (F5 key) to
clearly see the values of voltage and current. Be sure that you have the same values
dhown here. If not, check your work, including the sub-circuit,
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.34 ma L
EC L NOTE: To move
‘m=590 obhmn . pin/node names,
| - %Ew N e T point-click-drag.
R S |
o rRE[FITmA
-3.34 mA, R=56 kOhm _
oy OC a9 ry e BIEpkg
L= Wdc=5Y . heta=180
- + . . . . .
| C|-EEdmA

d. Clear the annotation, click: Simulate > Clear DC Annotation and then Save all you
work. Close all windows if nor doing the optional steps that follow.
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Lab3: AC Simulations

1. Copy & Paste (Ctrl+C / Ctrl+V) from one design to another.

a. Open the last design (dc_net) and copy the circuit shown highlighted here by dragging
the cursor around the area — this is known as rubber banding. With the items
highlighted, copy then by using the keyboard keys Ctrl+C or the Edit > Copy command.
Using Ctrl+C is preferred because it eliminates mouse clicks.

R

RC
R=5390 Ohm
e
i Rnlea “hjt pkg
fsrct - Q-
g doc=5% - . beta=160 .
+
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b. Use the File > New Design command to create a new schematic and name it: ac_sim.
Then use Ctrl+V or use Edit > Paste and insert (ghost image) the copy by clicking into the
new schematic.

c. Save the ac_sim design. You must save it or it will not be written to the database.

d. Click the command Window > Designs Open. This command gives you access to
designs that are open in memory but not visible in a window or not saved in memory. When
the dialog appears, select dc_net and click Ok. Then close dc_net design using File > Close
Design (no need to save the changes).

e. In the empty schematic window, reopen the ac_sim design using the

File > Open Design icon. This gives you a list of all the designs in the  |[.=%
project. If a design is created but not saved initially, it will not be in this
list and you will need to use the command Window > Designs Open to
access it.

d0pen An Exsting Destgn

2. Modify the copied circuit and pin labels.
Delete wires, insert new components, and rewire as needed. The steps follow:
a. Disconnect the DC source and move it to the side with a ground.
b. Insert two ideal DC_Block capacitors from the Lumped-Components palette or use

component history.
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c. Insert a V_AC source from the Sources-Freq Domain palette. Ground the source. Then
add a 50 ohm load resistor and ground to the output.

Cwee - . . . pwec

SRR -1 SRR I
. 5Re s =mMleRSY D
F=500 Ghm -l
OGElck T e
. . DC_Blockl. . . N L
R
o bit_pkg: - DC_Block - Resd Ohm
] o @l. . . DCBlockz Sooo
N S pets=160 |
WOAC. 1
. sRC2 -
- Yac=polar(1 07V —_
S IR L AN —

d. Modify the Pin/Wire (node) labels. Click the Name icon. Add Vcc as a label to both RC
and the DC source. This will connect them electrically instead of a wire.

HAME

e. Add Vin and Vout as shown. Also, if you did any BB Wire/Pin Label-3 &
OPTIONAL steps in lab3, remove VC and VBE by ‘ﬁ““i’E*’F’i“LabE'
clicking on those labels when the dialog is blank Enter wire label and click the wie of pi
(shown here) or use the command: Edit > Wire/Pin To create & bus or bundle, uss the fallowing syntas
Label > Remove Wire/Pin Label. T v bvsmameriten, B
Bundle - wire_labellbus wire_labellbus.... Ex 4B.C OR A<0:3: B

f. Verify that the circuit looks like the one shown here.

Cloge Help
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3. Push and pop to verify the sub circuit.

a. Select the bjt_pkg and push into the sub-circuit (use the icons) to check i )
your sub circuit, and then pop out again. L]
4. Set up an AC simulation with Noise. ey

&G

a. Insert an AC Simulation controller. Then edit the start,
stop, and step frequencies: 100 MHz to 4 GHz in 100 MHz P
steps. Jact

AC Emall Signal Simulation:5

Ed

Frequency Noise ]Pa.tamters] Chutput ] Diisplay ]

b. In the Noise tab, check the box for Calculate noise and
add the Vout node. Set the Mode to Sort by Name for each

noise contributor. Sort by value is good for large circuits to B e

see the largest contributors first. Also, all noise values will [vou I
be simulated if a Dynamic range (threshold) is not set.

W Lalcuiste noise

c. Turn on the Display for each of the A o o] |
ut

parameters aS ShOWﬂ here. ’ ac ) ' ’ ’ Maise contributars
e L Wode |Sortb_l,.lname j
© Start=100 hMHz : : Digrniamic range ba dizplay dB
- Stop=4-GHz - ’ W Include port noise in node noise voltages
. ostep=10MHZ B andwidth N -
, ColcNoisemyes " -

MoizeMode]1]="out"
(]9 Apply | l:ar'u::el| Help |
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5. Simulate and list the noise data.
a. Simulate (F7).

b. In the data display, insert a list (icon) of name and vnc
(voltage noise contributors) using the Ctrl key to select them
both. As shown here, at each frequency, Q1.BJT1 is the total
noise voltage for the device and is composed of: Q1.BJT1.ibe
and Q1.BJT1l.ice. However, these are not correlated voltages
but have been added as noise powers: (Vtotal)2=(Vibe)?+(Vice)2.
The total vnc is the same as Vout noise.

123 4
BEY 2

Datazetz and Equations

|au:_3im ﬂ
Al freq

Eain vnltaie

M. freq

SHC1.

SHC2i

twpe

“Win
T
ot

“Wouk.nolse

- name gl
. . freg=100.0MAZ
21 BJTA 1 4940
c. Save the schematic and data display. oSBTt i
1 BJT1 ice 1.494n%
=21 L1 Ta.74p%
R 833.2pY
RB 24 90pt
RiZ 242 6p&
_total 1.7289n%
freq=110.0MHz
21 BJTA 1 4940
izl BJT1 ke 9.325p%
izl BJT1 ice 149404
=21 L1 Ta.73pY
1 833.3p%
RB 24 90ps
RiZ 242 6p&
_total 1.7289n%
freq=120.0MHz
21 BJTA 1 4940
izl BJT1 ke 1047
izl BJT1 ice 149404
=21 L1 Ta.72pY
1 833.2p%
RB 24 90ph
RiZ 242 6p&
_total 1.729n
freq=130.0MHz
21 BJTA 1 4930
2l BJT1 ibe 11 .02p%
2005 /—\ug i1 BJT1 ice 1 .493n"-.j" .




6. Control the output of equations and node voltages.

you can type in MeasEqgn in component history.

a. In the ac_sim schematic, insert a MeasEqgn from any simulation palette. Or, j
Meaz
Eqgn

b. Directly on the schematic screen, edit (type) the equation to compute voltage
gain using the node (pin) labels Vin and Vout. Use the keyboard arrow key to
move across the equal (=) sign.

A Instance Mame
' mEESE,qn- S : : S : Freguencyr ] Wodse ] Parameters Cuiput ]Displ&}r ]
oo MWeastooo oo
gain_valtage=mag(vout)mag(yin)

Save by hierarchy:

k axirun Depth

[ Mode Vaoltages: El
. . . [v MMeazurement Equations: IZ_
c. Edit the AC simulation controller and go to the E—

Output tab. The default is for all labeled node voltages
(pin/wire labels) and all Measurement equations to be
reported in the dataset. You will change this in the
next steps.

d. Uncheck the box for Node Voltages and click on
the Add/Remove button.

Ok, | Apply | Cance|| Help |
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e. Select Vin and Vout from the list of available outputs and Add them as shown here —
then click OK. Only those node voltages will be written into the dataset after simulation and
Vcc will not. This works for measuremnt equations also.

Edit OutpuiPlan:5 Save by name:

Available Qutputs: 3 vin
Current Selection: 8 ot
v Modes v Eguations & "in

8 oot
B veo
B vin
| aut

[E|] gain_voltage Add x>

(5 21 4
| e

Add / Remaove. ..

d. Click OK to dismiss the dialog — you are now ready to simulate.

NOTE on node name display: You can display the node names (Display tab —
NodeName check box) but it is not necessary.
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7. Simulate without noise | |

a. In the schematic, turn off the noise calculation by changing

(typing) yes to no as shown here. This will save simulation time Yot
and memory, especially for large circuits. Of course, this will make - EEEDSH“;HZ-
your dataset list (name and vnc) invalid. | Step=10MHz

© O CalcMoise=-
b. Save the schematic and Simulate (F7) + - NoiseNoge[1]="vout"

8. Write a data display equation using a measurement equation.

a. In the data display, delete the invalid noise listing.

Eqn

b. Insert a data display equation (use the icon).

c. In the dialog, write an equation for the gain in dB as shown here. Notice that you are
inserting the schematic measurement equation into your data display equation and click OK.

g oain_dE=20%log(gain_voltage)

NOTE on equations — If the measurement equation for voltage gain was not already
calculated, you would write the data display equation with all the required values, for example:
gain_dB=20* log (mag(Vout)/mag(Vin)). However, because that voltage gain was already
calculated, it is easier to simply insert it here.
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9. Work with measurement and data display equations.

a. Insert a list of the measurement equation gain_voltage and the DDS equation you
just wrote gain_dB. Again, schematic measurement equations are automatcially written
into the dataset as shown here. But equations you write in the data display are not — they
are accessed in the data display Equations memory. To display your dataset equation,
gain_dB, click on the arrow box (shown here) and then select it and add it. Click OK and

both equations will appear in the list.

Measurement Equations listed here. Data Display equations listed here.
Datasets and Equations Traces D atasets and Equations Traces
|ac'3im j |Equatinns j

AC.fre gain_voltage _
gan_vohage

name
MC.freq

cor g

gair_dB

»rhddy s |

rroddis s

b. Scroll down the list to values around 1900 MHz,

using the arrow buttons as shown. ‘ | | | | |
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freg dBgain_wvoltage) ) gain_cB i
. . . TO0.OMHz 1541 15.414
c. Insert the cursor directly into the gain_voltage 110.0MHZ Ha g 15418
. . 120.0MHz 15417 19417
column and type in the dB function as shown. 130.0MHZ 15.417 15417
. 140.0mH 15416 159416
Then add parentheses so that it reads: dB 150 0MHz 15415 15415
. . T 160.0MHz 15414 15414
(gain_voltage). This demonstrates the flexibility 170.0MHz 15413 154173
. . . 150.0mMHz 15,412 15412
of the data display for operating (with ADS 190 0MHz 15410 15410
. . . 200.0mMHz 15.409 15.409
functions) directly on data and equations. 210.0MHz 15.408 15.408
220.0mMHz 1:5.406 15406
230.0mMHz 15,405 15.405
d. Click the data display Undo command to Q \
return to remove the dB function.
. ) ) . Plot Type |\Plot Options
e. Edit the list (double click) and change it to a |
rectangular plot by selecting the icon. £ @ % s

N
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f. Insert the cursor directly onto the Y-axis label and change gain_voltage to
dB(gain_voltage) similar to the way you did in the list. Then undo it. Again, this
shows the power of functions and the data display.

NOTE on dB values — Converting the AC analysis voltage to dB is not the
same as S-parameter analysis in dB that uses power (V and I) and also has a
50 ohm source Z.

16 155

14 15Dt
145 _]
14.0_]

126

gain

gain_dB
_wvioltage
gain_dB
dBigain_voltage)

130

& ] 12.5]

5| ]
- 12.0
4 ]
3 -
| | T | T | T 1.5 1 1 1 1 1 1 1
poo0s 10 15 IS 30 35 40 00 05 10 15 D 2E 30 35 40
freq, GHz freq, GHz
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10. Plot the phase and group delay for the ac analysis data.

a. Insert a rectangular plot of the phase of Vin and Vout — put markers on 1900 MHz
(type in the value). The phase is not 180 degrees due to the bjt_pkg parasitics. Move the
markers and see the phase closer t0180 at lower frequencies. You may want to Hot Key
the new marker command using the DDS Options > Hot Key similar to schematic.

Datazets and Equations Complex Datal -2 ﬁl
T - 200
|a'3_3i"'" ﬂ Y'ou are adding complex data to a plot . \\\\L— =i |

A feq that only supparts scalar data. 15,;,_: freg=1 900GHz
] phaseout)=150.0 deg

gait_wvoltags How would pou like to handle thiz data? ]
nane 100
. % z
; 50 ] ms

phazeout), deg
phaseing, deg

ikl L ] o |reom1 900GHz
i Magnitude 0 ] SN TN S - '?I I fbﬁglelf:vflp?l_!];ll:".jun deg
vV .
e F'hasa 0.0 0.4 1.0 1.5 o 2.4 20 34 4.0
freq, GHz

b. Insert a new equation to calculate group delay. As shown here, use the phase of Vout
and the diff function then plot the equation. The diff function calculates the difference
between points on the slope. The minus sign gives the result in decreasing value. Place a
marker on the trace and notice that it will be on either side of 1900 MHz (+/- 50 MHZz)

because of the diff function.

grnup_delay=[1 {360 -diff{phase(vout)))
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c. Go back to the schematic, change the step
size to 10 MHz, simulate again and watch the
plot update.

d. Edit (double click) the marker. In the readout
tab, set Format to Engineering with 2
significant digits as shown here. Notice the
marker value changes to pico (pico-seconds)

and the independent value resolves to 1.90 GHz.

e. OPTIONAL-Try grouping the group delay
eqguation and the plot so they stay together
when you move them. Use the Shift key and
select the plot and the equation. Then click: Edit
> Group. They should now move together in the
data display.

2005 Aug

graup_delay

Group_celay

H50E11

JOE11

2E5E11 2

20BN

45E11_]
40E11_] 3
3EE11_]

ma3
indep(m3%=1.94E9
group_delay=3.75E-11

U A A T T R
0.0 S50BF 1.0BE3 1.5E3 20B9 2.5E3 20E3 Z.5EB0 4.0E3

indeplgroup_delay

Format Signifizant Digits
|Engineering j |21
Complex Farmat
|MagF‘hase j
5 0E-11
45611 _
40E-11 _|]
35E-11
FOETT mgep(mS?fl 95G
25611 ] group_delay=37 .5p
2.DE-11

R T N A T L P
0.0 S0B: 1.0E2 15ED ZOBEY XSE XO0BED ZA5ED 4.0ED

indeplgroup_delay)



" JE
Course Topics

m 1:Circuit Simulation Fundamentals

m 2:DC Simulation and Circuit Modeling

m 3:AC Simulation and Tuning

m 4:S-Parameter Simulation and Optimization

2005 Aug
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" J
S—parameters

m Usually given in dB as 20 log of the voltage ratios of
the waves at the ports : incident, reflected, or
transmitted

S11-Forward Reflection (input match — impedance)
S22-Reverse Reflection (output match —impedance)
S21-Forward Transmission (gain or l0ss)
S12-Reverse Transmission (leakage or isolation)
S11 and S22 are best viewed on a Smith chart

S21 and S12 are easier to understand and simply
plotted
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" JE
The impedance Smith Chart

m Thisis an impedance chart transformed from rectangular Z. Normalized
to 50 ohms, the center=R50+J0 or Zo(perfect match).

Circles of constant
esistance

Top Half :
Inductive
Reactance (+x)

SHOR OPEN
Bottom Half :
Capacitive
Lines of constant Reactance (-jx)

Reactance (+jx above
and —jx below)

Z0(characteristic impedance)=50+j0
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" JEE—
The Smith chart in ADS Data Display

Z=0+j1

Impedanc§ : Z —O—_Reflection Coefficient : gamma
Z=real / |maglnary// S(N1) : mag /phase
0 to +infinity / -infinity toAnfinity 0to 1/0to +/- 180

Z=0 +j0
or S11=1/180

Z=infinity + j infinity
or S11=1/0

///()

Z=1+j0

Z=0-j1
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S-IParameter Simulation Controller

Scattering-Farameter Simulation:3

DefaU|t Sweep Val’lable — fl’eq 5_Faram Instance Mame
[SFT
\ (| Frequency )Parsmeters | Noise | Output | Display |
‘ Ak ‘ S-PARAMETERS I
: S_F'érarh R TRty
Pl ; ' : : : : : ! ) Frequency
Sart=100MHz - - - - e E
S'tl:IF:l="-1- =Hz - . . . . . (+ Start/Stop {7 Center/Span
Step=100MHZ.. . . . . . Start [1o0 MHz |
. o _ _ s 4 GHz -]
1 The simulator requires a Stepsize [0 Wz =]
- ?3”“1 port termination Num=__ Num of pis. 55—
Terml - - .
: Mum=1.«— [ Use sweepplan | J
: L=30 Chm
. _I_ AR Next slide
- . . . ] 4 Apply Cancel Help




Sweep Plan with S-parameter simulations

Sweep Plan is for sweeping
FREQ. Otherwise, use a
Parameter Sweep for
variables(Vcc, pwr, etc)
‘ﬁ‘ S-PARAMETERS . |

= F'ararn
SH
- =yweepPlan="=wwpPtant"

.Start=100MHz Y - These are 1gnored
op=2GHz. . if Sweep-plan is
=tep=10 MHz
R ~_sefected-

- SWEEP PLAN '
. SweepPlan
~ SwvpPland

Start=1 & GHz Stn:up 2 (3Hz Step % MHz Lin=
© Start=100 MHz Stop=4 GHz Step 1EIEI |".'1HI L|r|—
© UzelweepPlan=
- =wweepPlan= -
. Reverse=no .

2005 Aug

Sweep Flan:3

Sweep Plan

SweepPlan Instance Mame

| SwpPlan

Mixer-designers—Here
is a plan for an RF,

LO ,and IF
Parameter /

Sweep Type |5ingle poirt L]
Pt= 'IBEIEIMHz I
Pr=100rMHz o (= ter/Spar
Parameter — [1900MHz =~ |None =]
| | =
| | -l
I—
Cut | Fazte |
f# |ncreazing Order " Decreasing Order
[ Mest Sweep Plan | J
k., | Apply | Cancel Help




S-Parameter measurement equations

W

[=]

o Options
Sweep %%f
Plan
FrmSwp
ol E
DzcTest | Term
HdSet
NdSet Naie
Dizp Meas
Temp Egn
S |
MaxGain | PwrGEain
| .
WoltGain | WSWR
5 || hetd
GainRip Mu

2005 Aug

AN

2in T-:-pt'
AR
2opk MFwrl
L | %
HFwrR | OvLnPh
Epﬂelﬁl;\ﬁaﬂir
Gp Gir G=Lir
B (&
Gl Gir SthGir
LEkbCir | MaplC
B (&

H=CGir

Map2G

All simulation palettes have specific
measurement equations — you set the
arguments if necessary. Here, S is the matrix, 2
Is the value in dB, and 51 point used to draw
the circle \

Czacircle :
 GaCireled - - . b .
 Gacirclel=ga_circle(s 2,91
Stability circle
__.Noisecircle
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'._
Matching Networks

Matching means : Moving
toward the center of the Smith
Chart

Parallel L = |

Add Series of Parallel

Series L

components

Parallel'L

Adjust the value to move
toward open , short ,L , C,
or center of chart Series R -

2005 Aug
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Design Guide — Smith Chart Utility for matching

Bl Smith Chart Utility

Fle Et ¥ew Cinks Help sInsert the component in
D] D[« H] x| schematic
d | B saFiamneynosdres | 1o TN *Bring up the utility
o E “ *Set source and load on chart
= T
| 2 «Select components : L,C,R etc
3T o ~*View response and build circuit
g Ij - T O T :--:--;-]511 |
L B | R mERREEERmREEs=mm——————— N
1 .
Start Freq: Jh— Stop Freq: Eﬁ;g— Feset
. : E E . ; | Schematic
. - DA_SmithCharthatch s match R ;
. D&, _SmithiCharthdatohl - ool
e ] e e v
. £ >
) EEZ=I:5.D-:!’5D:I I:lhm : : i - ¢ [ooooo '_iz; [toooo 4 [ooooog _ I
. g:;l:gg-l;lj;i?nﬂhm [1.0000 :Y: J'l_.U!JUU + ]D.DDQD | 2o ]—\-"alue: l— Loss: [~ [—
. . 43 ik I Auto 2-Element Match J Reset I Claze I

2005 /—\ugll'
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=
ADS Optimization I3asics

m Definition : Optimization Is a simulation

that tries to achieve a performance goal.

m Start with a simulation that gives you
results

m Set up the optimization which includes :

® An optimizer type and search method
® A specific goal or specification to be met

®Enable components or parameters to be adjusted

2005 Aug
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Four elements for Optim?zaticm

1-Optim controller : set the type

% Goal
Opkim
S| | [vield
Tield | LEE2S
Tidopt | MC
{% Coe
DOE ioal
C:arr
FrinSwp
Sweep Meas
Flarn Egn
Options Ij|1:_ELt
SIS
=

2005 Aug

\Z-Goal statement : use valid

measurement equation or data
set expression

3-Enable component

Setup

C.

o )
= C_match_in

" C=0.36822 pF opt] 0.01 pFto i pF}

@ EIF'TII'-.HI o S OSSO 'Iﬁiﬁl's.‘PAHAMETEHS'I'

Ooptim - - - - - . e . ... Hoal .
Optim1. . IIlptlrnG-:-ElH
Optim Ty pe= Ftan-:l-:-rn I_ISEP-IIG-:-EIS '!.l'ES Expr="dBCSC1 1000

T htaxhers=1zs Slmlngtanceﬁlarne— SF1
Oezired BTor=0.0 L L  hilin= - :
R b e | e S CR e e e =
Fimnalfnaly=is="5P1" . . . . . . 'Mieight=
HomalizeGoals=noe . =~ RangeZar[1]= 'freq
SE'I:EIEEI:"-.-'EIUEE Syes Fangehdn[1]=1350 hiAHz
Seed= o 7 77 Rangehlhtas[1]=1950 iHz

SaveSdlns=no
SaweGoals=yes-
SaweOptimars=no-
UpdateDatasast=yex=s
SaveMominal=ye=
Savedlkerations=na
=Ml Opthiars=yes -

- % -Param
.SF1 N
Start=100 hAHz
" Stop=4 GHz
" Step=10 tiHz

/OO



Error Function Formulation(1)

- OF TN I . /Optlmizer Type determines Error Form

. Optim .
. Dptim1 .
III|:-t|mT1r|:- Han-:l-:-m

Error Function Formulation

Optimizers

Least-squares

Gradient , Quasi-Newton ,
Random , Discrete , Genetic

Minimax Gradient Minimax , Minimax ,
Random Minimax

Least Pth Least Pth

Worst-case Random Maximizer

2005 Aug
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" JE
Crror Function Formulation(2)

m | east Squares : Each residual is squared and all terms
are then summed. The sum of the squares is averaged
over frequency

m Least Pth : The Least Pth EF formulation is similar to L2
except that instead of squaring the residuals , it raises
them to the Pth power with P=2 , 4, 6 etc

m Minimax : attempts to minimize the largest of the
residuals . This tends to result in equal ripple responses

m \Worst case : minimizes the reciprocal of the least
squares error function. This effectively maximizes the
error function. The goal is to find a worst typical
response for a given set of parameters
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ol
Goals and Crror Function

m The goals are minimum or maxi mum target values
m The error function is base on the goal
m The weighting factor prioritizes multiple goals

Error function is defined as a summation of residuals. A residual ri
may be defined as :

m=)> ri=Wimi-Sij
Si is the simulated ith response
Mi is the desired response for the ith measurement
Wi is the weighting factor for multiple goals : higher number is greater

v'Simulations continue until the maximum iterations is reached or the
reeor function(summation of the residuals)reaches zero (same as 10dB)
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"

Search Method examples

Random analysis often get Gradient analysis may get
you close to the stuck in a local minimum(not
goal(minimum error function) optimal error function)

Using both RANDOM and
GRADIENT can reach the desired
goal or in some cases, a hybrid
type such as Genetic
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Optimization Controller setup

: Iﬁl OF TN I i »Setup tab : Select »Parameters tab : type,
= — type and set iterations. iterations, etc.

Qptim

. |:| I:.-t | n—'l 1 = : z s . Nominal Optimization:1 Nominal Optimization:]

- I:'F'tlmT'!,l"Fle= F:E'rlljl:lm c o Dptim [nstance Mame ]DDpti;n |1nslance Riame

- @ her==125 ; — :
DesiredEmor=0.0 . . | Sty | Pacunetrs | Dipey | Setwp  Parametrs | Diply |

Statu=slLewel=d4

Output Dat
H e = Y 1 o Cra= o= Bl Optimization Type &
Finalanalysis="5P1 o,

* Marmmalize Goalz=nio [ Onaln BT s | ¥ Goslspressions

- SetBastvaluestyeas - Optosl | e | I~ Optiizston varisbies

. Sgaed=s . : 1 . : [ Lisa i Eosksin Dssian Olutput Diaka Conral

CSawveSaolns=no. Sele Ed | Save data for terationlsl: [Nomingl g Last v
SavelGoals=vwes oy ¥ Update display during cplimization

© SaweOptimwars=no S

. Lll:lletE DETE'EE#FEE ) lﬁ Status level .

- Sawetlominal=ye=

. Savedslkaerations=no . |S.P‘I )
. UseAIOptvars=yeas ,

LtV
H - . Starting Mo Irder | 3
> FI n al A N al yS IS . /’EoppTgcriterion : Desired Eror oo
e e ]—-\\ ™ Homalize goals automatically
C h an g e to @ e = 4’> ¥ Set best values for parent optimization
SimiInstanceName(SP1) '
(] 4 | Apply ‘ Cancel J Help I 0K Apply Carcel Help ‘
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Cnabling components for Opt or Stats (yield)

Edit (double click) — Enable and specify continuous or discrete (stepped)

variation
5 E quation Editar. ..
= e el S @mizatinnfﬁtatistics#DDE Setup...
R=100 kOhm .
| Tupe Discrete L]--
Format | minsmandstep -
— Mominal % alue
- ' [100 |kOhm -
W Dizplay parameter on schematic T —
Component Options. .. ER (kOhm = |
kA amirmum W alue
S E e e 120 |kOhm =]
e e Step Walue
F:=1|.:u:| L.:IIII'Tm T:-pt:{di.Ecr-jete:EiﬂkElhm.t-:- 120 kI:Ihn.-. I:n,.r 1|.:| k!Ilhr!'u 1. —— o T
i [~ Post Production T uning - |
ok | Cancel | Help |
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Lab 4 : S—Parameter Simulations and Optimization

»The circuit you build will be used as the lower
level sub-circuit.

v'Create a new project S_parameter_Simulation_and_Optimization
a. Open a new schematic window and save it with the name : bjt_pkg
v' Set up a generic BJT symbol and model card

a. In the schematic window , select the palette : Devices-BJT. Select the
BJT- NPN device shown here and insert it onto the schematic.

b. Insert the BJT_Model (model card)shown here.

aste |y BLT_NPN
Eihning | EJTHPN : - D T : . :
< [ | ﬁb‘,ﬁ-@i e« | NOTE : The BIT_NPN symbol
=& | [, e v shows Model=BJTM1.This means
Eo|Eh| | . wodenonimear the symbol will use that specific

O | I model (model card) for simulation

WheNPN | YboP NP

g
Fth L R rth LF

hic

A

WEIC ;ITE'UHn 7 - £ 2
¢ T .. MPM=yes ko=
Fﬁi ” PMP=no Isc= Cco

e




Lab ¢ : S—Parameter Simulations and Optimization

c. Next, in BJT_Model dialog , select the Bf parameter and type in the word
beta as shown here. Also, click the small box : Display parameter on
schematic for Bf only and then click Apply. Beta is now a parameter of this
circuit — later on you will tune it like a variable.

B Bipolar Transiztor Model:4 | d. Set Vaf (Forward Ear|y
BJT_kodel Pararneter Entry Mode VOItage) = 50 and dISplay It
Ilgit-?:f.le Mame [name[<start:stop:]] lStI::dafd L] e Set |Se (E_B |eakage) —
S— 0.02e-12, and display it also.
NPN=pes ~ beta Mone v Then close the dialog with
PHF=no : /

ls= I/ ERuElian ek OK. The device now has
M O ptimizationStatisticz/D0E Setup... some more realiStiC
" af=al

g parameters
lze=007e12
He- _| Click here to display an
1 —— | | individual value
War= b v Dizplay parameter on schermatic

Ci Tk C Optiohz...
| l | omponent Uphong L\\ Use Component
|Bf : Ideal Max. Fonward Beta, [default; 100.0) Options to Clear a” the
k. Apply | Cancel | Reset Help | dISplayed parameters
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Lab ¢ : S—laarameter Simulations and Optimization

v'Add parasitic and connectors to the circuit

a. Insert lumped L and C components : Insert three lead inductors of
320 pH each and two junction capacitors of 120fF each. Besure to use
the correct units (pico and femto) or your circuit will not have the correct
response.

b. Add some resistance R=0.01 ohms to the base lead inductor and
display the desired component values as shown

——0<  c.Insertport connectors : Clock the port

1{1 |~ connectoricon (shown here) and insert the
TS 6 i b gti‘_agupgi - connectors exactly in this order : 1)collector,
& [ 2)base, 3)emitter. You must do this so that the
e I L connectors have the exact same pin
? O M deene 77" configuration as the ADS BJT symbol.
s T {:,_,
_____________ foos dlnsert Por|
~ Jee  d.Editthe port names as show here : change
_____________ Oﬁung_ o PltOC,PZtO Band PBtOE
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" J
Lab 4 : S-parameter Simulations and Optimization
» This lab you will learn how to simulate S-parameter

v'Set up the simulation and circuit with ideal components

a. Open a new schematic window and save it with the name : s_params

* Click the Component Library icon shown here > ‘ ﬂ]l

* When the dialog opens, click on the bjt_pkg sub-circuit. Insert in into
the schematic.

* Insert terminations (Term) from the S-parameter palette

* From the Lumped Components palette , insert two ideal inductors :
DC_Feed to keep the RF out of the DC path

sInsert two ideal DC_Block capacitors

b. Insert an S-Parameter simulation controller and set : Start=100 MHz ,
Stop=4 GHz , and Step=100MHz

c. Save the design

Note : your circuit must like the next slide
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Lab ¢ : S—Parameter Simulations and Optimization

Vee L Yer |
AR
+] zher - |65 | s-ParavETERS |
e == TR T T
=) % o Param
' BC R é R e R R
. ._ . . . . . . . . . . . . . . St.art:.]l:”:l MHE .
R=590 Oh 3 O
o . atep=100 MHz .
fme e e e Y | DG _Feed . .
R = mar | AR
DC_Feed!
RF=5E kCihm - SR e R E G e B SR 4 higs=5
. DC _Feed §
DC_Feed2 =
Lo L N ey
bit pk
: il s [ e |'/ [jl,l’p A R Hlatk 7 7 ¢ § Temm2-
& 11 e I . =
| Ma: beta=1gy DC_Block! Plurn=2
s lTeml O seRGoke . . . . . e e
Mum=1 -
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Lab ¢ : S—Parameter Simulations and Optimization

dB(S(2,1))

v'Simulate and plot data with marker readout modifications

a. Be sure the name of the datasetis : s _params and then simulate

b. When the simulation is finished , insert a rectangular plot of S21 (dB) . Insert
a marker on 1900 MHz and verify that the gain is about 20 dB

c. Insert a Smith chart of S11 and place a marker on 1900 MHz. to move the
marker , select the readout and use the arrow keys

d. Edit the marker readout (double click). Go to the Smith tab and change Zo
to 50 as shown. Click OK and the marker will now read the value in ohms,
referenced to 50 ohms |

m1

22 freq=1.900GHz
dB(S(2,1))=20.422

21 -~ mi
J \ 4
20
19

18

17 \IITTI]\I["I\'IIIIlI‘II|II.’I]TIII:II"

00 05 10 15 20
freq, GHz

2005 Aug

23

3.0

3.5

4.0

Edit Marker Properties:1

Main | Readout Smith
Srrith Marker Format

Type

|Irn|:|edar'u:e ﬂ
Format Sigrificant Digits

|.-f‘n.uto ﬂ E

Cormnplex Format

| Reallmaginary ﬂ

| Lo
E =]
ok Cancel Help

S(1.1)

mf1

freq=1.900GHz
S(1,1)=0.855/-3.631
impedance = 549.480 - j221.017|

freq (100.0MHz to 4.000GHz)

/12



Lab 4 : S—Parameter Simulations and Optimization

v'Write an equation to vary the Term port impedance.

a. In schematic , write an equation for port 2 Term Z to be 35 ohms above

400 MHz

: Z=if freq <400 MHz then 50 else 35 endif.

b. Simulate and then insert a list of PortZ(2). Verify the Z is 35 Ohms

above 400 MHz

c. Reset the value of port 2 Ter

1’ Tarm

: TemZ:
: Nupm=2

i

2005 Aug

=i freg < 400 MHz then &l

else 35 endif

[

&

K

to 50 ohms : Z =50 Ohm

123 4
BEY 8

f——

Eqn

{>

Bl

A

freq PortZ(2)
100.0MHz 50.000/0.000
200.0MHz 50.000/0.000
300.0MHz 50.000/0.000
400.0MHz 35.000/0.000
500.0MHz 35.000/0.000
600.0MHz 35.000/0.000
700.0MHz 35.000/0.000
300.0MHz 35.000/0.000
900.0MHz 35.000/0.000
1.000GH= 35.000/0.000
1.100GHz 35.000/0.000
1.200GHz 35.000/0.000
1.300GH=z 35.000/0.000
1.400GHz 35.000/0.000
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Lab 4 : S—Parameter Simulations and Optimization

»The transmission and reflection characteristics of the biased
circuit show about 20 dB of gain but with a mismatch to 50 ohms
at the input. Also , the DC feeds and blocks are ideal and need to

be replaced with real values.

v'Calculate L and C values in the data display

a. In data display , write an equation , XC , for the capacitive reactance of
10 pF at 1900 MHz. Then list equation XC as shown here. If desired , title
the list using Plot Options. With this low reactance , 10pF will be the

blocking capacitor values.
b. Change the value of the capacitor in the equation and verify that XC is

automatically updated in the list. N |EE
? Datazets and Equations Traces
BRIXC= -1/ (2°pi*1900*10e-12) & D
e | ez g W
EEE\H Casics »rhddes
XC (i )\
-8.377E ==
2|
/14
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Lab 4 : S—Parameter Simulations and Optimization

c. Create a table for range of inductor values and reactances. L _val is a range
of swept values form 1 nano to 200 in 10 nano steps. In ADS , the syntax of
two colons is a wild Tard (all values) and can also be used to indicatea range
as shown here. The bquare brackets gre used to generate the sweep. After
writing the equations|and listing they shown here , scroll through the list. As
the inductor value ingrea eactance at 1.9 GHz increases. Therefore ,
a value of 120 nH should he eAough forl the DC feed (RF choke)

NOTE : The XL equati Il be red (ihvalid) until L_val is written

pqn L_ wal
11.938 1.000E-9
131.2319 1.100E-8
' 250.699 2.100E-8
370.080 3.100E-8
489.460 4.100E-8
608.841 5.100E-8
T28.22 6.100E-8
847.602 7.100E-8
966.982 8.100E-8
. 1086.363 9.100E-8
d. Save the current data display and 1205.743 1.010E-7
. 1325.124 1.110E-7
the schematic 1444 504 1.210E-7
1563.885 1.310E-7
1683.265 1.410E-7
1802.646 1.510E-7
1922.026 1.610E-7
2041.407 1.710E-7
2160.787 1.810E-7
2280.168 1.910E-7
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Lab 4 : S—Parameter Simulations and Optimization

v'Replace L and C with calculated values and simulate

a. Save the schematic with a new name : s _match

b. Change the component name (DC_Block) of both blocking capacitors to C
and they will automatically become lumped capacitors as shown here.
Assign the value for each C=10pF

@@ ‘ DE Eih:u:H

L - Block H

c. Change the ideal inductors (DC_Feed) in the same manner and set L=
120 nH for each. According to the XL and L_val table , the reactance at
1900 MHz is about 1.5k , which is reasonable at this point in the design.

2005 Aug /16



Lab 4 : S—Parameter Simulations and Optimization

d. The schematic should now look like the one shown here. Check you values

and then Simulate

¥ ol

"'h.-'"I:_I: s
"@| S-PARAMETERS ] =
i % i . = vdo=vhigs
S_Param R ~
sPi | R §
Start=100 MHz B—s80 Shm i
Stop=4 GHz - S e —
Step=100 MHz :
= ; 3 ’ : y
? B Foed
R L=120 nH ' AR
‘RB - e [E] WART -
R=56 kOhm - s a2 whias=5 W
A s
SEE R
L=120 nH
= _ L e
' ' i o : ' ' ' ' it Terrm
; : ; D'It‘_pHQ : < : : : : Term?2
3 | 21 DC_Block § Rl
' - = Ma beta=160C=10 pF : =
£2 Term . . © . . | : e i Z=50 Ohm
g Mum=1  ©=T0gF o '
= ahm S i
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Lab 4 : S-parameter Simulations and Optimization
e. In the data display , plot the transmission (S12 and S21) and reflection (S11

and S22) data with markers as shown here. Notice the gain stays relatively
flat , step is to create an input matching network.

mi
freq=1.900GHz

dB(S(2,1))=20.253

| mf
20 — h 4
e
55 2] i 5
B0 a5 | :
I P I N P e I freq=1.900GHz
i S(1,1)=0.856 / -3.558
_BD T TTT | TTTT | T TTT | T TTT | T TTT | T T TT | T T TT | T TTT impEdance = 554-492 el j21 9-5?3
0.0 0.5 1.0 1.5 20 25 3.0 3.5 4.0
freq, GHz

freq (100.0MHz to 4 000GHz)
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Lab 4 : S—Parameter Simulations and Optimization

v'Use the Smith Chart utility to build a simple matching network.

a. In the current schematic , click on the commands : DesignGuide>Filter
and then choose the Smith Chart Control Window.

Hl Smith Chart Dhility

File Edit ¥Wiew Circles Help
e
D] IS]«|E =] x|
|_}i :E::l SmartComponent
=] =]
e é“ Circuit D ata-
- Frequency Resp kM ax
- I 171
% ..................... T
=1 1 | # s A T ey e rrrrrrrrrrrrrrrrad lMag v]
:E g: ..................... S-Parm
g |j iS'I'I V]
— e Mln
iD
Start Freq: ID—_ Stop Freq: ,EF Reset
| Schematic
2%
=
-
- < >
Gannma: [0.ooo0 < [o.noon = [1.oooo H 0.0000 Delete Salent e J
WEWA: ]1 onno S ]1 onno + 0.0000 [ Lo Walue: Loss [~
Build ADS Circuit | Auto 2-Element Match | Feset | Close |
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Lab ¢ : S—Parameter Simulations and Optimization

b. Near the top of the Smith Chart control window , click
the Palette icon shown here. This will bring up the Smith EIEI ‘ }( ‘
Chart palette on your schematic.

c. Insert the Smith Chart Matching 7 _ _
Network component (also know as a ‘ @ @

Smart Component) onto the schematic

OA_SmithCharthatch_test s _parameters

near the input of the amplifier — no ' DA_SmithChartMatch
need to connect it — but it is required . COFEIGHZ
Also , click OK when a message dialog Rl

.. ZI=(5047"0) Ohrm
appears. ~ Z0=50 Ohm_

Other Parameters

d. Go back to the Smith Chart control
window and click the Set Frequency
/ Impedance button. Then set the

frequency to 1.9 GHz and turn off the Mormalize Impedance [~
normalization. Click Ok

Frequency[GHz] 14
Zo[0hmz] o

. Applhy Crefauilt Cancel
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Lab ¢ : S—Parameter Simulations and Optimization

e. IN the lower right corner of the window , select the ZL component and
type in the impedance looking into the amplifier from the last simulation
(S11~550-j*220)
f. Notice that the load bol on the smith chart
has relocated as shown hereNext , select the
shunt capacitor form the palette a
cursor on the Smith chart. When you get t
500hm ciicle of constant resistance , click to

stop , as shown here \

S5chematic

[g :E:l Zo | Valu@
By E\{'
(-l‘

i
=R T Load symbol is at
o % 550-j220. Source

: symbol is at 50+j0
21|
Q|
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Lab ¢ : S—Parameter Simulations and Optimization

g. Next , select the series inductor and move the cursor along the circle until
you reach thyf*@2 of the Smith chart.

match

h. Move the cursor into the lower right corner 75+ s T
of the window and click on each of the L
components in the Schematic as shown here. I
You will see the value for the inductor and =
capacitor : approximately L~14 nH and C

£
~ 400 fF or 0.4pF. x
Delete Selected Compat
£ | Ual@ |14.4F‘"I'IEH L
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Lab ¢ : S—Parameter Simulations and Optimization

j. To have the DesignGuide build the circuit , click the button on the bottom of
the window : Build ADS Circuit . Click OK to any messages that appear.

K. On the schematic , push into the Smith Chart component and you should

see the network as shown below :

@

DA SmithCharthMatch1| s_parameters
DA SmithCharthatch

"F=18GHz

- £3=50 Ohm

- Z1=(554 07220 8) Ghm

. £0=50 Ohm .

-
18

2005 Aug

)

Lumped Element

Low Pass Filter Design Assistant

Need Help? Please see the appropriate DesignGuide User hManual

“vARt T e e
|___Parameters='#1.5 GHz#50 Ohr#(554 0-7220.0 Chms#50 Ohm!
SRR
b
L=14.471155 nH
P " R=1e-12 Ohm R
& = Pk = - Rope e
- P - P2
CMum=1 . = o Mum=2 .
Tl .
i

C=396.367013.1F .

/123



" A
Lab ¢ : S—Parameter Simulations and Optimization

v'"Now it is time to use the matching network with the amplifier. You
could use the component by connecting it to the amplifier input.
However , because you will be using the optimizer , it is better to have
the L-C components on the schematic.

|. Either copy / paste the L-C and ground onto the amplifier or simply insert
and L and C on your schematic. Then set the values to L=14.3 nH and
C=0.4PF. The amplifier input should now be as shown here.

'b' o - - - - - - - m, Delete the Smith Chart
‘L=14471155pH © 0 component from the schematic
- ReEletZObm o000 7 7 and close the Smith Chart utility
T o O L e (e T } — window
Termil & ] ) )
o bum=t - 0 0 7 17 7 DBC BEleckZ  n. Simulate with the input
1 | z=50 0bm - i O C=10pF
M ety ks 51 ~ 0P network
T e=smsasroiatF  p. Set the simulation step size

to 10 MHz , and simulate
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Lab ¢ : S—Parameter Simulations and Optimization

g. When the simulation is complete , add S-22 to the Smith chart. Place a
marker on S-22 at 1.9 GHz. The result show S-11 is good but S-22 is not
match as shown here

m2

freq=1.900GHz
S(2,2)=0.952 / -1.960
impedance = 1.370E3 - j951.146

—— —
o — /

ST
n0n \

m-1

freq=1.900GHz

S(1,1)=0.005 / 63.835
impedance = 50.218 + j0.449

freq (100.0MHz to 4.000GHz)
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»Because S-22 is similar to the unmatched impedance of the

Input , it is reasonable to put a similar topology on the output and
simulate the response.

v'Add output matching components.

a. Select the input L-C network and use the copy icon (shown here) to
make a copy to the components. Then place them near the output , with a
ground on the capacitor. Delete the wires and insert them as shown at the

output.
 L=t4479550H 0 0 .. ... . L=144T1155mH . .
P Y SR . 1 X o SR e R e
N | EE L R ey 5 S T S ﬂ . .,_:wwn_._ﬁ“m
€ o o AT e (Temo A e
DC_Black] . s . .N'?”“_.E.
BUCSI0pF o ' I=5lillijhrn'- e 0 Lol
co oo | cemmeaeTorae. L
C=3maermiafe | - | - l
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Lab ¢ : S—Parameter Simulations and Optimization

b. Simulate and check the response. Your data should be similar to the
results shown here where S22 is now closer to 50 ohms. However , S11 has
shifted , as you should expect. Set the S-22 marker readout edited to Smith
Z0=5(C

m?2

freq=1.900GHz
S(2,2)=0.529/-126.001
Impedance = 18.953 - j22.498

S(1,1)

S(2,2)

L\

m1 m
freq=1.900GHz
S(1,1)=0.174/-111.103

impedance = 41.963 - j14.042

c. Save the design but

do not close the window

freq (100.0MHz to 4.000GHz)
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Lab ¢ : S—Parameter Simulations and Optimization

v'Set up an Optimization controller and Goals.

a. Save the s_match schematic design with a new name : s_opt

b. Go to the Optim / Stat / Yield palette and insert an optimization
controller and one goal as shown here

c. Edit the goal by double clicking. In the dialog box , type in the following
settings and clock Apply after each one and OK when done

o

Opkinn

ey

Tield

Tield
Spec

W

fld0pt

W

M

@.

COE

[roe
inal

carr

W

FrmSwp

Sweep
Flah

Measz
Egh

(=

Opkiahz

Iﬁlt.a.t

2005 Aug

|%| OPTIM Im ®Expr : dB (S(1,1))

Optim Goal ®SimlnstanceName : SP1
Optiml © 0 7 T OptimGoal :
- OptimType=Random - Expr= - - - - - —
. Maxhers=25 . . .SiminstanceMame=s . . . ®Max=-10 (Sll ml’_ISt be at
. DesiecErrgr=00 ., Mn=_~ ~  |east-10 dB to achieve the
- StatusLevel=4 MEe= |
Final&nalyzis="Mone" WWeight= o goa )

T MormalizeGoalz=no  ~REngeVat[1]= -

© SetBestvalues=yes - Rangehin[1]= ®RangeVar=freq Range

e, e Min=1850 MHz RangeMax :
. SaveGoals=yes 1950 MHz

Saveoptimiars=no
" UpdateDatazet=yes
© ZaveMominal=ves-
- mavedlterationz=no -
. Uzeslopthars=yes |
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Lab ¢ : S—laarameter Simulations and Optimization

d. Copy the S11 goal — select it and use the copy icon

e. On screen , change the goal expression to
“dB(S(2,2))” as shown here. Now , you have two
goals for the input and output match.

f. Set up the OPTIM controller. For this lab exercise ,
most of the default settings can remain , controller and
set the Maxlter = 125 and set the FinalAnalysis =
“SP1”. These settings mean that the optimizer will run
for up to 125 iterations to achieve the goals. The
Normalize goals setting means that all goals will have
equal weighting. Also , a final analysis is automatically
run with the last values so that you can plot the results
without running another simulation.

2005 Aug

CWeight= - :
- RangeXar[1]="freq"-
. Rangehlin[1]=155%0 MHz.
FangeMax[1]=1950 MHz

I ﬁ | “COPTIM I :
SmptinG | s o E o=
. Dpatirmed

: C:l|::_rtim_'l":.-'pe=l:?an:-::h:ir1:'|

raxhker==125

" De=siredError=0.10

- Statuslevel=4 -

- Fimal&naky =is="=F1."
ChormalizeGoals=no

=etBestalues=yes=z

 Seed=

T Save=olns=ho

- Savesoals=ves

- SaveloptonNars=no
UpdateDataset=ve=
- SaveMominal=yes

Savellliterations=no

T U=selA IO ptars=ywes

/129



" A
Lab ¢ : S—Parameter Simulations and Optimization

v' Enable the components to be optimized

Setap:4 E|
a. Edit (double click) the inductor L_match_in. S _

When the dialog appears , click the i ]Smm_gl ~E
Optimization/Statistics/DOE Setup button. In Jplmzstion St (Ensbled v
the Optimization tab , set the inductor to be e [Continuows =
Enabled as shown and type in the continuous Famat [ =]
range from 1 nH to 40 nH as shown here. Click oo
OK and the component text will show the opt
function and range. i: _4'_4?”15| JI

L_match._in & N
L=14.471155 nH opt{ 1 nHto 40 nH } L
"R=lex120bm - 0 0 0 |40 InH ]
=Fm b I ] | | __| |

I Post Production Tuning
k. I Ear‘u:e|| Help I
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Lab ¢ : S—Parameter Simulations and Optimization

b. Go ahead and Enable the other three matching components as shown.
Edit each one using the dialog box or you can type directly on-screen using
the opt function and curly braces for the range. Also , use the F5 key to move
component text as need :

A Bz

LGB . o e 0 o o
(=396 367013 F opt{ 0101 pF fo 1 pF )

Sl

C

2 match_out

(=396 367013 fF.ogt{ 0.01 pF ta 1. pF.}

1

2005 Aug

S
L match ot

L1 471155 nH opt{ 1 nHito 40 )

F=Te-12 Ohm’
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Lab (4 : S—laarameter Simulations and Optimization
c. Check the circuit as shown here and then Simulate and watch the status

C=308 267012 F optf0.04 pF a4 pF =

window.
|$ il I ;IGDAL l&-l b v o Iﬁ SR BOMETTh
; .'_'ptll'l'l 5 e Al b Ho ohc dbibn HB .+- SREA - : 'S_'F"élar'n 5
" Optirmd Optim&oall’ ':'Pt‘r":l':}':'-’lz e e e s = \de=Vhias . . opy
. OptimTypesRandom Expre="dBS¢l 4y . . Exp=dBrSE2Y . . .0 o0 . = - Start=100 KiHz
. Maxlter=125 . SiminstanceNames"gpqr SiminstanseName=tgpa® - - 1 g GHE
_DesiredEmo=00 . Min= Min= — _ Me = Step=10 MHz.
StatusLewvel=4 Max=-10 fid az=-10
" Final&nalysis="spq" Weight= Werght= -
" NarmalizeGodl==no’ RangeWar[1]="freq" Hangel-fa.:['l]:"f:eq'! :
'SetElegt'{.l'alueF-!lreg . Rangetin[1]=1250 tHz. FangeMin[1]=1860 MH= E‘JAF! :
. Saed= . : . RangeMax[1]=1050 MHz Fandebax[1]=1350 MHEC WART
SaveSalns=no H 55":' I:Ihrn VbIEFEV
Saveoal=yes
" Savelptimiar=no L
UpdatEDa.tEISEi:'!,I'ES DC_Feedi
- Savetlominal=yes L =120 nH
- SaveAlllterationz=na -RE YR
. UzeAJI0ptvar=yes | -R=56 kOhm. :
| L match_out
L DC_Feedz [=14.47 1958 nH u:upt{1 nH tu:u 4EI nH}
" L_mateh_in L=120 nH R=fe-12 Ohm -
19471155 nH opt 4 nHt-:|4EInH} ST R=" = - ]: R : Ly
F=1g&-12 Ohm- I,«" b ophas I
oYL — | . ‘21 DE_Bledkt” ] C
Term - . '3 - h e bt e g ;Q%m;E;EII-IJS fF t. .
| Hum=1 DC_ Bloda C B I DP{UD'IthMp
1 | z=50 ohmi C=10 pF * - L
__-|-_ E rnatch in i

2005 Aug

Term
Termz
Num=2
Z=50 Dhm -~
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Lab ¢ : S—laarameter Simulations and Optimization

d. The status window reports progress. If the goals are met , the EF (error
function) = 0. A successful iteration occurs if the EF moves closer to zero.
With EF = 0 (or close in some cases) , the next step is to update component
values and plot the results. If your EF is not zero , check the schematic and
try it again.

Status 7 Summary

OpEimiEation variables:
L match in.L = 16.470%=-09
— match in.C = 359 . L50ee-15

L match out . L 22 . 3167e-09
. match _out . C 274 . 76de—-15

SP Optiml[1] Finaldnaly=i=s1[1] 5SF1[1] < (GEME netlist):

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Fezource usage:
Total stopwatch time: 9.73 seconds.

Simulation finished: data=zet "test = paramseters' written
"Cosaserssdefaultslesson prij<data’ "

4 >
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Lab 4 : S-parameter Simulations and Optimization
v Plot the results

a. In the data display , insert a rectangular plot. Then , as shown here , add
the complete S matrix in dB to see all four S parameters. This way you can
quickly verify the results. Your values may differ but the goals from the
optimization should be met

M Plot Traces & Attributes:0 m7
Flot Type | Plot Options| il freq=1.920GHz
= O 8 B OB o 4B(S)=36.453
Datasets and Equations Traces ) (21 1 )
20

MurmFurEvals A dB[5] - . m2

Nunles k> | ~ T T Y m

OptimGoal2 rrbdd e | 02 20

Porl) oot | a ] freq=1.900GHz
FE— 40 0 |dB(S)=-13.388
501.1] (2 2)
I - 1

5(2.2) v | Advenced. | -60— i . . . .

[ Show Hierarchy 7

ManageDatasets...| -80 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

00 05 10 15 20 25 30 35 40
Cancel Help
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Lab 4 : S-parameter Simulations and Optimization

b. Plot the impedance S11 and S22 on a Smith chart. Change the marker
readout Smith tab to Z0=50. As you will see , the impedance is not close
enough to 50 ohms. But first , you will update the schematic with the values

from the optimization.

m?2

freq=1.900GHz

S(2,2)=0.214 / -156.342
impedance = 33.176 - j5.974

S(1:1)

S(2,2)

\ 1
m1

freq=1.900GHz
S(1,1)=0.204 / -124.776
impedance = 37.580 - j13.168

freq (100.0MHz to 4.000GHz)
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Lab 4 : S-parameter Simulations and Optimization

v Update optimized values and disable the opt fucntion.

a. Click the command : Simulate > Update Optimization Values. The
enabled components should now have the final values as the nominal
values. For example , the input inductor may look like the one shown here —
your values may vary a little because of the random mode and no seeding.

b. Disable a component. Edit L-match_in inductor. Then click the
Optimization/Statistics/DOE Setup button. Select Disabled as shown here
nad click OK. Notice that the component function changes from opt to noopt.
This means the component will not be used in an optimization. You ¢dn also
disable a component by inserting the cursor on — screen and typing’no infront
of opt function to make it noopt — try it.

. L
c. Save the s_opt schematic. In the next - TR e S T
set of steps , you will set up a final - L:-la'_q_?":'_g'n.-l ‘nH to 40 nH 1
matched circuit. - R=1&12 Ohm e s e

I.mm
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Lab 4 : S-parameter Simulations and Optimization

v a. Save the s_opt schematic as : s_final.
v" b. Delete the optimization controller and goals.

v ¢. modify the four L and C matching component values , adding resistance
to the inductors as shown here. This will result in a good match and will be
used for the remainder of the lab exercises. Go ahead and change the values
the values by typing directly on —screen as shown here :

L match in =18.3nH& R=120hm L match out=27.1nH& R =6 Ohm
C_match_in = 0.35pF C_match_out =0.22 pF

v d. With the new final component values and Simulate

v e. When the data display opens , plot the entrie Smatrix by selecting S in
the dataset. Also plot the S11 and S22 on the Smith chart to verify the match
Is close to 50 ohms at 1900 MHz. With these results.
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Lab 4 : S-parameter Simulations and Optimization

m1
m-1 freq=1.900GHz
40 dB(S)=35.168
j (2,1)
20 —
0
D - m2
@ 0 ﬂf freq=1.900GHz
e dB(S)=-39.573
i (2,2)
-60 —
'80 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
00 05 10 15 20 25 30 35 40

freq, GHz
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Lab 4 : S-parameter Simulations and Optimization

m2

freq=1.900GHz
S(2,2)=0.011/7-12.196
Impedance = 51.037 - j0.227

S(1,1)

S(2,2)

7|

freq=1.900GHz
S(1,1)=0.020/171.471
Impedance = 48.025 + j0.290

freq (100.0MHz to 4.000GHz)
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