ADS and Circuit Simulation
Fundamentals
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Here is ADS Simplified: 3 steps

EIRE

STEP 1: design capture 3

STEP 2: Simulate

Insert circuit &

L — N automatically sent to
and set up the the simulator.

simulation. ﬂ,

@ STEP 3: display the results Simulation results

Plot or list data & |t—] (data) are written to
write equations. [N a dataset.

T S :
: Layout / Momentum.

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

Netlist is




User Variables, Licenses, Directories

Just in case you need to know:

$HOME (UNIX variable) or %HOME% (PC variable)
is usually where you run and use ADS.

$HPEESOF_DIR (UNIX variable) or %HPEESOF_DIR% (PC variable)
points to where you get ADS.

LM_LICENSE_FILE points to the license file
(default is: LM_LICENSE_FILE = $HPEESOF_DIR/licenses/license.dat.).

NOTE: When you install ADS, you will be prompted where to load ADS
(HPEESOF_DIR) and where you want to run ADS (PC: C:\users\default).
For this class (US laptops), you should be working in either:

D:\user\ads15
or on the HP 3000- C:\user\ads15

ADS Windows: Main, Schematic, Status, Data Display

Main window: manage projects and Schematic window:
open other windows... create / refine circuits & run simulations...

bulEb—n—.—!-.n—..—-m- _N_E

Open a schematic 2= —Uﬂ Simulation
Controller

Project
Directory

Data Display window:
plots, lists, equations
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T : Display opens
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Default .
Daet::et i8R T Status window:
e o simulation info: messages, errors, etc...




How to Start ADS...

— Note the ADS tools:
| I || Startl [0 Adepie Wiave Compsot
= I [=]405 Taodls + [ Diges P Diesignes
Progiams L [ 205 Documentation [prensm

[ ESm

Advanced Design System 1.5 I Advanced Des [ evary Trorstato

[0 FF Desigrer B LenCak

= X [1) Micsomares D Systemn brpent el Vessaed]
1 unlnstall S hield 1 ooy Mockibuses Shel

Menu commands EJ FE Corole
Y G NV lmgent
\ [) SPICE Wodsl Gerematcr
& Advanced Design System (M ain)
Toolbar icons \ File iew Dptions Window Help
Help = online manuals
@@ % KE using internet explorer.
File Browser -
First step: |

& & labl_pi
ot

Project with

lower level _—" - Cdts To create a project, click: File > New Project
L2 mom_dsn .

directories #-E3 networks and name it: lab_1
-0 synithesis

-0 verification I

C:sershdefaulthsystem_pij

You can also create an
ADS shortcut.

ADS Project Directory Structure and Files

Project or example: lab_1_prj

l——— preferences & ADS netlist.log ‘
—— filename .dds Data Display files (windows to display data)

L dat

a
| filename.ds Dataset files (simulation data)

L networks

filename.dsn Schematic & Layout files

filename. ael (application extension language)
filename. atf (compiled ael)

I mom_dsn (Momentum only) } Not required for

Automatically created by ADS

—— synthesis (used for E-Syn & DSP) most simulations
L verification (used for DRC) (can be removed)




Main window: File, View, and more...

Use icons or commands. However, not all commands have

icons. But all icons have commands.

File commands: |

File  Wiew
N

plions  “Window

| Examples directory |

Mew Praoject... \ -
Open Praject.. bﬁl@l % Kl:l‘

Fijgrowser \ \

Design Information

E=ample Project...
LCopy Project

Dielete Project...
Ing] ove Projects..
Archive Project...
Unarchive Projec

S

. T o Direct
Copy Design... Zal our fl|eS . . Directary...
Delete Desigr... py : g ;E—:;:"g.dds; = Top Directany

savedlDesigns MOre on this later

B2 mixer_labsNpri
B data

B-E0 mom_dsn
2 networks

Lol T

| View commands: |

“whorking Directory
Example Directary

Startup Directory

=

el defaultmixer_labs_pr

Cloze All Desions e
C o ;Spice or IFF

Exit Advanced Design System...  Al+F4

Click [#] box

Froject Listing
Expand Al

v Toolbar

to expand or [
box to collapse.

Main window: Options

7 Wianng e ¥ AddPiectEtenscn |1
& Advanced De ] 3 I Esuefed
i a d g - Wiom Thichrs
7 EBaloon Hi
Fie Viedl Options Yindow Help * ) 1o
I = M
ﬁ ﬁ Preferences M F Lo ° L
Hat Key/Toolbar Configuration ’ L
Ad d Design System Setup.. 3 ISR R X
File Brow vanced Diesign system Setup... : R » [NOTERE BT
=& | Stat Recording Macro... B) skl Schensiebindor | it tuonen
- Siop Hesordnaiacie tance| Y Ky
&1 Plapback Macro... Careel Hee |

E
5]  Command Line... \

Test Editor...

@ h\t:pkg dsn v | I
C:\ufershdefaultsmier_labs_pri 4

i Command Line (] ‘

Comemared Hisbory

_tequencedl, O
deci teminicdISP = de_ra,_tem( T 1 AEL
clo_sikabn_sroged G 1]
de_place_pemiperminfulSF. 0.5.1.125)
de_totate. maged TIGHTL
demirfolSP = de_ee_losfteminiolSP].
el bl bl 15F = dhe_rd_tere{ P
Camnard v
[de_sex_simndation,_darased] unttied]"].

Seesion fle: CATEMPAIZMGN. derm

=l

Sets the initial palettes and simulations.
For now, use: Analog/RF design.

1 Advanced Design System Setup
Design Type Supported
€ Analog/RF Only
¢ Digital Signal Processing Only

& Analog/RF Design
£ DSP Design

Mew settings will be effective
ance the application is restarted.

—— L 1

_heoh | Caecal

Main window preferences are global, they apply to all
projects. The Schematic window has its own preferences.




Main window: Window commands...

Notice the default Hot Keys

i Advanced Design System [Main]
File Yiew Optios

EEECEEREE

Mew Layout Chl+Shifted,  ——

T — Hew Schematic Cil+Shift+H | | | @ | E

If you are in a project, you can
open one of these windows:

=& mixer_labs_
bt Mew Data Display
%07 data DOpen Data Display...
#-C1 mam_¢ Simulation Status

EIB networ) Hide &l wWindaws

S Al indows

L 1 MainWindow
2. untitled] [Schematic):1 ol

I defaultymize _

So, let’s open the
Schematic window...

Schematic window

Save your work often... All icons have labels (balloon help).
& [ lab1_pij ] untitled] (Schematic):1 = E3
Fle_EdiGalgct View lnset Opfions Tools Layout Simste Window Desianiuide Help
Y L *
EEEEIEEEEREEE e RINEE]
S e
ILumped—Cnmpnn jl J D“l = o ﬁl-l -&ﬁl@l Q}l UJ E E:,:D
Rotate By 90
|5
o 1Cleate & New Desian
~[E| |
L L
oF = ——— T
® & |:||:IEF| '.-jm E:-:lstmg DESIQI"Il |r ek B TET_prjnetwedi din Hiowse..
=3 | B . Dpan Designin
DGfeed | DGBick & CurentWindow = New Schematic Window ew Layout Window
=] ‘ l Diesigns '
sHonT | wurma | |- - Ae_curoes din |
| Save The Curent Design| il
/ Filr1_payn dan J
wect: Enter the starting point D items wine: [l | o-2oredmn
* hb_lwasrc den
kh_comgeession din
Fi meser. din |
A new schematic becomes a e i
.dsn file in the networks O o el | B Wi

directory only after you save it.

Also — use Window > Open Designs




Inserting and Editing components

Also known as schematic capture!

End command
or use ESC.

Component History: type name to insert component.

& [ amp_1900_pr| ! untitled1 = [Schematic):1
File Edit Select WieN Inset Options Tools Layout Simulabf” Window DesignGuide  Help

EEEENNE ey

VA
ISimuIalinnfsiF'aram -'J ITelml 4

A |k
A=
ﬂ I \ Wires and

5P| Dptions

<

=l

@ | node names.
B | L|_| t‘
{ak | [y .
osorest | e N Select palettes. L Pt Erny s
Irtarce Neme: Standad s
Insert components. = H
Dep| | [Weas T L0 I ||
Eqn | e Fistion Edion
Treew L
2 — : .
Hasian | Panain| | I Edit a component: use
icon or double click.
| Parameters are
Term: Enter the location defined: Mis T Dy psemmetes oo schemaic in ARF [SimSs
multiplicity. e [z |
| R [dstedt 1]
—L

Lo ]| ek | [Comd|  Rew| ek |

Editing commands and icons

Edit > Component has many uses.

= LA ol b0 Push / Pop for sub-circuits.

it | Select Miew Diaw Component Options Tooks Lapout Simulate  Window

Undo CikZ " . " = -+
E End Cormand For u 2|0 m * @ {>| /I>|D|O|A| é||
[ = Undo Last Command i
g Cut Ciuls _'IE___I' <}| = | {e}l i Ml &= *@l"*l
£ Qopy ChrkC: jl S m @ E b2
¢ Pa Cuky UL_biocks L=g
¢ Advanced Copu/Paste - — . C_Feedi C=10pF Reg
— Delete Del 1 1120 R ey
A Deetesl Edt Component Parameters 2 l
_M— Edit Companent Artwork.. J— o
o[ Move * | Bisak Connections L
a : beta=160
(s Fiotate 30 Etlefi Bemave Node Name: ¢ mateH
o Advanced Rotate/Miror 3 =h_in = coozg
i Deactivats i} o -
_q—gi"";”"e’“ Y1 Aclivate A
it Tet... H
Scale/Dversizs v | Group Edit Parameter Value.. Select command is also useful...
Wertex » | Swap Components. 5
= - elect Al [ S —
HModify » | Search/Replace Reference.. identifiers |&/RF [SimSchem 4
Symbol Firn.. Lpdate Component Definitions Select By Name. ..
Propettiss... Create Hierarchy..
Deselect Area
Change Component Text Layer
Component Text Attributes... Deselect Al

Deselect By Mame...




Library vendor parts + all your circuits

& Component Library/Schematic: 1
Fie Edt Visw Options Took Help

[CIolx] Schematic...Click:

=] o] s (Bl =+ e D)X
Libraries Companents
- Microwave Transistor Libiary —a | Camponent
- RF Transistor Library pi_nec_NES000834_193: NEC 900083,
;ﬁﬂtﬁﬂﬁg Ea’*s F;;SSFET ot _Mw/T_170_1333" Mt wwri7ame FIND any part or search
sckaged Fower
. Packaged BITs pl_mwt_Mw/T_773HP_13 Mut wwT-773HR . the WWW for parts.
- FF Passive SMT Library pf_fui_FLLISIME_13931C Fuiitsu FLL351ME: b€ Fackage
=1+ 5 Parameter Libiary [No Layout p_m_hwT_971_1993 Mt MW T 971, w71 Packar
f:‘ﬂ__hﬂ'["h?“i‘”“ “‘;”@W“' (_mit_MGF1402_198212 Misubishi  MGF140Z GD3 Package 4
wjitsu [No Layout =
/] Harts [No Layoul] pl_hp ATFZT170 158551 Agient | ]
CIle the + Agilent Technolagies | (Mo pl_mit_MGF24304_19331 Mitsubis Find
Aglent Technologies Il {No ol MGF13044_19921 Misubis | B
or-to Litton [Mo Layout] gpatsm e e
Mitsubishi {No Layout] 4 SR
expand or - Motools (NoLapout) [Coreny: R Trarsistor Library, SubWbray: Packaged Gaks FETs
collapse. | | ’ I | Case Sensitive I Refine Search
|Dalau\t Mode: [Browse [&/RF [Component: N/&, ¢ [Fourd T companent(s] that match atf2’

Bpply [& Fiesel |

Select the part and it is |
attached to your cursor, - _t% —
ready to insert. [

Wiring and Moving components

Options

Tips for wiring!  Frete o Click to wire: |\|

v Giid Snap

* Use the wire or connect pins = wired -
* Point and click to snap to grid

* Drag a wired component and it stays wired.

 Wire colors are in Options > Layers

i
_ | s
Red pin = no/ .
connected e
Edt
| Move Using Fisfarsrcs Chikb
Edit wired ez Ears
Move Belative.
components:
. . ity | f-qp Move ToLayer.
Two rotation icons: ”ﬁ e Move Wite Endpoint

Move Component Text F5




Check Representation for errors

Use this if your simulation results look wrong!

: Check Representation:1 . . .
T Click: Options > Check Representation
™ Nodal msmatches (layut vs schematic]

I Component pin vs Symbol port mismatches

Report for Co x _pri‘netvorkshds_curves (schem -]

I~ FRep port vs Spmbol port mismatch
¥ Overlaid components <
~ &j"\}eﬂép"ilw'éé

ok Cancel Heb | = /
T

heonnected pins: 1
I_DC SRC2. pin 2 (3 125 -1 .125)

d item=: None

! =l
o o
+ v_DC +
= SRC1 = A0t
_" Wele=YCE T o
I_DC
O
m " ¥
l = B e [ wite: | (2000, 1000
4 »
[Select: Erter the: starting poirt [Diterms identifiers 57500000 4
Node Names in Schematics
Click the icon: |I.<§>=| : Node Name:1
Mode Mame ‘
. . . \
° Node names result in SImU|at|0n Enter node mame and select pins)wire(s] |
data (node voltage) in the dataset. —— . — Dane | Helo | 5 T
* Node names can also connect Yoo V}C g
two points without using a wire. R voc T
¢ Global nodes can connect node RC ohe —
) X . R=4%2 Ohm Vdo=Vee
names in sub-circuits: — }
N\ Var | VAR |
[E@cLosAL nobes] Eanl s ap }
GLOBALNOL Veoe= 0 v |
_GlobalNode1
MNode=
Insert > Global Node

Mode Name

To remove a node name:
Edlt > Component > Remove NOde Name Enter node name and select pinls)/wire(s)
or use the icon with a blank name. _Done | _Hek |




Variable Equations: VAR

WAR

Click:

|Data hems =l [var

TIP: Add dummy (X,Y,Z) variables

E / and then edit on-screen.
VARZ
i Variables and equations:1
H=1.0

Y=51.0 VAR Wariable or Equation Entry Mode
Z=1.0 Instance Name Standard -
WVARZ Mame lz—
Select Parameter
=1 0 Variable Value
1.0 More =

Equation Editor...

VAR is a declaration (initialization).
Component parameters can be assigned
a value using a variable equation.

Optimization/Statistics 5 etup.

. . P . ¥ Displ i hemati
Variables can be used with optimization, SR PRSE N SEAEe

Add Paste I Companent Options... |
parameter sweeps, and many ...

[¥ariable Yalue : Variable equation

ok | Apply | Cancel | Fieset Help |

Symbols, units, and names

Circle for YT Slash for —) p—
mutual // [ pin# 1 // c1
inductance: R= (layout): C=1.0 pF

—) |—

Example of on-screen control: C
my_C_shunt
C=1.0pF
C (component name): changes the component wBv=4V
C1 (instance name): rename it: ¢_shunt InitCond=2y
. . . Model=file_or_dac
C= (parameter): a number (unit) or valid variable. M=4
C
QUIZ: Is this valid? coupling_c Answer:

C=x




Units and case sensitivity

» General Rule #1: UNIX is always case sensitive.

» General Rule #2: PCs are case sensitive, except for:

—Inserting some components: R or r is OK,
because after the first insert, PC will recognize either one.

However, some rules apply to both, for example:
m = milli, M = Mega, V = volts

& variable names are always case sensitive!

End Command Esc
Desslact Al
By the way,
right mouse
button has ' v CkF
FanView
some Restore Last Wiew Crl+L
commands:

Zoom firea
Zoom In Point

o

And now, let’'s
Simulate...

First, select the Simulation Controller

| Choose from Palette

Simulation-DC
Simulation-AC
Simulation-S_Param
Simulation-HB
Simulation-LS5P
Simulation-XDB
Simulation-Envelope
Simulation-Transient
Optim{Statfvield

NOTE: all palettes have
many of the same
components (Prm Swp)

and specific Meas Eqns.

|»

Click the gear to
insert the controller.

o
@)

[l

o

=
E
E
3

wee|
Plat

Bl &

&

=
2
o
=
=l

=
=4
@
L

=]
e
o o)
T

=
ZE
=8

S-Parameter

—|[=
{s%? Us j HE Nptions
Sweep| %
B {gi
ﬁiﬁp PrmSup i Prim Swp
§
Dzclest [ Term i
HdSek 'E" :E:
Hanig: DzcPort | OscPrk2
M hidset
an HMxGiain i
[s1| [=] :V.\
PGain | VItGzin

g .
[ @
LD
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Set up the Simulation

Simulation requires setting the simulation controller.

*NOTE asterisk means schematic is not yet saved.
1 [ amp_1900_prj ] untitled2 = [Schematic):9

File Edit Select “iew |nset Optionz Tools

Layout  Simulate  Window

D& @] 1] w0

)
2

il 9

i

+
i
*

ILumpedfComponents

j IHarmunicBaIance j

:| @ HARMONIC BALANCE

i
R R
A, | [
L HarmonicBalance
HE1
»_)GF Freg[1]=1.0 GHz
Order[1]=3
| B

OGFeed | DCElck

=

SHORT | MUTIND

RF_source
Mum=3
Z=50 Ohm
™~ P=polar{dbmtow(0),0)
Freg=1 GHz

Some simulations,
like HB, require
more setup.

DC requires no
setup in most
cases.

S-param requires
Terms.

Edit on-screen or
double click for
dialog box.

>

Example dialog for Controller

&

P

| &% | S-PARAMETERS

S_Param

SP1
SweepVar="freq"
SweepPlan=
Start=1.0 GHz
Stop=10.0 GHz
Step=1.0 GHz

Ca-IcNoise=no \ .
Edit on-screen if

the parameter is
displayed or use
the dialog box.

Scattering-Parameter Simulation: 1

5_Param Instance Mame

Display the

Frequency |Parametels| Hoisz I Disp\ayl

Frequency

Sweep Type ILmear vI

parameters:
Display tab lists all
the settings you
can show on-
screen.

% Stat/Stop Center/Span

Mum. of pts. |2EI—

Start [
Step-size lmﬂ—

You will get lots of
practice in the

labs.

I~ Use sweep plan 'I

0K Apply Cancel

11



Templates for simulation

& [ amp_1900_pij ] untitled1 * [Schematic):1

File  Edit Select !lew DOptions Tools Lavout Simulate  window DesignGuide Help

4] E‘/" [g] % Template.

EREER

s R PNE D

wire Craf

Simulation-S_Para WD

Hode Mame...

sival | = | ol Global Node

% Ingert Template:1

E 5 chemalic Disign Templates

ConvPulzcRespT
ConvStepRespT
DC_BITT
DCFET_T
DC_Smeep

HB1Tone

TN TR I

BT curwe tacer - Ctrl+Shift+T

FET_curve_tracer Ta CirShift+C

i
]
-

VAR

— dof

s =2 @ |v|E

A

=

3

Insert & setup

HETaneSwpifreq
HB1ToneSmptPrr
HBZTone

circuit, nodes
and variables.

HB2TaneSwptPur
LineaiFulseRespT
LinearStepRespT _

lo—le Iz | — | =l .

MixConwGainF

T 01 = o
5_Params
P oc fi= o e
SR el |
SP_DiffT =

ADS 1.5 has many |z
new templates.

Nate: Double click or choose "0K" to ingen,

|

m

0K | Concel Help T

Qitems wire: 0.750,-7.125 -10.375, -0.625 in AARF SimSel

—>

Specifying a Dataset and Data Display

Before you simulate: you can name the dataset.
If not, the default dataset = schematic name or

the last dataset named.

Dataset

Click: Simulate > Setup: (

Data Display

|dc:_c:urves Browse... |

¥ Open Data Display when simulation completes

Uncheck this / Remate Sirmulation Host

box if desired. Jlocai =
Simulatel Apply I Cancel | Help |
NOTE: Dataset files (.ds) are in the DATA directory.

Browse... |‘

Data Displays (.dds) are in the PROJECT directory & read datasets.

To run the simulation, click F7 key or click the gear... | {&p |:>

12



During Simulation: Status Window appears!

One way to stop a
simulation, click:

Stop Simulation

g hpeesofsim 15917:1
File  Simulation/Synthesis  Text windaw

Or click: Window > Simulation Status

Simulation/Synthesis > //!{mulancm ~ Synthesis Hessages

Varning detected by HFEESOESIN during SF analysis  SEla
The simulation tempsrature (25.0 C) is not the san
noiss temperature (290 K or 16 85 C) in the noise

A successful

4

Status / Sumnary

If the simulation temperature is not equal to the =l
then the lmss and the noise figpre wi - -

I

For more sim info,
set simulation

. . controller: [Tover
S|mu|at|on reSUltS SP SP1[1] <(GEMX netlist)>  freq=(100 M (F
‘Stalus tevel [
in a dataset: inulation finished: dataset 's_parans' written in 'C
Rescurce usage:
Total CPU tims: 0.69 seconds
Simulation stopwatch time: 0.69 seconds.
N N Total stopwatch tims: 1.15 seconds B
To stop a simulation from < | >

the schematic window.

Simulate

Simulation Sety

When finished, the

Help
5

Data Display opens...

Data Display window

Also, open Data Displays from schematic or the Main window:

B Data Display/Untitled 8- [page 118 M= E
Fie Edt View Inset Maker Page Opfions Help

Dlel@l=] ] @] 8] s FRlae] ADPlool

o S e

123 4
5E78

9

3
&5
T

Data displays open empty the first time,

unless you use a template. Also, the
default dataset shows here. If you
change the dataset, the data changes,

but not the format of plots or equations.

You insert plots, lists, equations.
—

L 7

—>

13



List or plot your simulation data

Plot Type | Plot Optians I

----------------------- = e o = F

_I Other datasets and DDS equations, click here!

Datasets and E quations Traces
s_params Tiace Dpl\gs »

2 Data Display/Untitled 2* [page 1]:2 [_ O] %]
6 File Edit “iew Insett Marker Page Options Help
w0
© + (e e [
o O | =7 T N B s T e s e e P B
g om0 ST R
[
3
()
(a)]

I[21|68| = |~
)

dBIS21)) \

STEPS: N
. . sxbdd Vs R
g ge:eci :Ee Ejylie- plot °rt'_'5t- Edit the data trace or
elect the data or equations. e equation here.
3) Options - edit data or plot. e q

4) Save/name the DDS window.

T
Measurement equations from

schematics will also appear here. |—>

Data Displays are powerful...

B s_match® [psge 119

Insert Templates. + -

Options Help

New P R
Ezramf;age__ L Scroll through lists.
. Delets Page )

Next Page
Previous Page

R

i
=1 SONESH:

420417147\ |
025 + N

=y 2071
pmipedance = 48

View and
zoom data.

v page 1

gl

[ ]
@
=)
=

_

Write equations to manipulate
data to be listed or plotted.

Markers have readout ) T
properties you can edit. L L g:' ’
Use cursor or arrow keys ' §

to move a marker. J

Traces can be
edited for color
and thickness.

T T
iowm o omo# o M4

’ L‘ Explicit dataset..path if not default. \ _rI




Tune mode is simulation!

M) Simulate > Tuning...

Tuning allows you to “tweak” values and see the results!

i Tune Control:2

Select a parameter o tune by clicking on it

Simulate:

it 1e]
Trace Histary 7 _IZ Turiz
_— i
— 4 T T T T T T T T
tune_1.C1.C (pF) 1.0000 _lj ¢ 3 6 §
freg. GHz

e

S_Param

SP1
SweepVar="freq"
SweepPlan=

S-PARAMETERS I

Update || Detals | Feset | Cancel | Hep |

You will do this in the lab in
just a few minutes...

Printing data or schematics

. For Data, you can print
File > pint Cti+P selected plots, lists,
Frint Area. .

Frint Setgp.__\ equations.

\o-ooo-ooo-ooo
B o monee ] [RLmovcoer ]

AT

i

s
Foucnpe 1900 Mtz
Oragipes

Prter
e [T <] P
?‘: .:umm il
Whew  LPTY T Gl auipust
Comart I Gy e clemad
Pore rarga Copme
. X L tbm g [ 2
Print Setup - select the printer, style, etc. ——— ¢ el T
F e [
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NOTE on ending ADS processes
If your computer is locked up or if there is any other problem
(Data Display), you can safely stop some processes:

hpeesofde.exe - closes the ADS program (same as exit)
Hpeesofsim.exe - stops the simulation

hpeesofdds.exe - end to stop the data display server}These 2 work together!
hpeesofdss.exe - end to stop the dataset server

UNIX users kill processes - PC users end processes | AVOID killing these:

PC task manager -

hpeesofsess.exe
NT: ctrl-alt-delete

hpeesofbrowser.exe
hpeesofemx.exe

In a UNIX window,
use: ps -ef | tail

and you can Kill (xxx)
a processes.

Killing these will require
re-starting ADS.

Processes M [CPU Usage 7% Mo Lisage 420K/ 130360

To mail or send ADS projects: ZAP

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

 Archive Projet =]
Archive Project [T WITITToTme | Biowse... || Warking Directory || Startup Divectory || Example Dircctory |
To File: arkeling\USERSYWESPynoise | Browse... || Working Directory | Startup Directory |

¥ Archive Project Hierarchy . .
i oo oty NOTE: Archive files become
[ [ ZAP files (like .ZIP files).
~_ Theycaninclude all
networks, data, and display
Unarchive File: Browse... | Working Directory | Startup Directory | . . .
ToDitector:  [C:vuserstdefaulty Browse... | Working Directory | Startup Directory | files (entire project).
Cancel Help

When you leave this class, archive the projects to C:\temp and then
copy the ZAP to the A drive. Be sure to delete the datasets or it will not
fit on a floppy disk (not necessary if you e-mail a zap file).

For any ADS problems, call support and send the ZAP file.
In the United States call: 1 - 800 473-3763.
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&% | What the lab is about ...
Lab 1:

Circuit Simulation Fundamentals

Learn Circuit Simulation Basics —
L=

B Yow fpoors i

. Crgate a project apd schematic FEES e
« Build a low-pass filter S = T—
» Set up and run an S-parameter simulation ‘

* Display the results and Tune the filter

« Copy an example RFIC amplifier

* Insert a library part and simulate with a Template
 Simulate an RFIC amp with Harmonic Balance

* Display the results and write equations

NOTE: Lab 1 can be skipped if students already know the

basic operation of ADS: schematic capture, simple

simulation, basics of plotting data.

Also, it's OK to make mistakes...you won’t need the work

you do in this lab for any of the other exercises. STEPS IN THE LAB: >

But starting in Lab 2, you will!

17



Build and simulate a low-pass filter

After setting up the S-parameter simulation, tune the filter.

+ Tune Control: 1

Sielect a parameter to tune by clicking on it
pmwn—mwmwu Simulate: B fte -

Selsls| | =-2la] 5l

| e Degrliude Heb s e
i o S N ey P

gl 1 o +| S| defe] 25 2] @{t =
—_—

[Lumped-Components
=
[

i @
S =
L
=1y
E__JL... ]|
73
22

=it |

we | m

— -

| me |

vy

L1

Term1 1
=10pF | L=t0nH

Ipf.L1.L (nH) 1.0000 _I:l

|

T

Murn=1 C
=50 0tm T
-+

S-PARAMETERS

==t}

= - Burt | 1pEC1LC [pF) =
Ic-.jupi 2-50 # f wuuu_l;l

Also...library device simulation with template

Lo
EEE=

] #] % =]+ =] & D
Lomporarss

O

Insert a library device & simulation
template: Get S-parameters for all
swept bias points!

SP_NWA DisplayTemplate
%1 disptempl
Start=0.1 GHz SP_MWA_T
Stop=5 GHz *S_21_11_wZoom"

= NumPoints=101
Bias1=0
VBias2=0
. - Port1Z=50 Activate for availabla

Pont2Z=50 ‘gain and stability circles:
| Display Template 1

disptemp2 |

| “Circles_Ga_Stab™

|-~ "Circles_Stability"|
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Last, example RFIC with Harmonic Balance

You will name the node Vin, check the sub-circuit, and simulate.
Then write an equation for gain in the data display.

Amplifier harmonic balance simulation
. n t
\/F!' n

R1
R=80 Ohm

Y_1Tone
SRCE
W=01Y

-| Freq=960 MHz

— €
.
© c U uout
o1 oo« R
o=Cearies =35 pF R2
;i'%%““”? R=50 Ohm

|$ | HARMONIC BALANCE I )

4] V. DC ] VDO HarmonicBalance VAR
Z=GRC1 =SRG2 HB1 |2 i

+ voc T Vde=5.0u=] Vet=2.0Y Freq[}=860 MHz BN

=R Order[i]=5 S

.J_vnz:a 95 =

= Be i Yo o Mt e Goiom B

Lshunt=7.6 nH

Cleldls| k] 7] 9] +@al]a] ] ollololAl

- S|

] T »al@ﬂlﬂlﬁlﬂ__l
v P v 1% a0

—

Topic 2:

System Design
Fundamentals

-
=) [




System component libraries and
fundamentals:

-  System design is at the higher level.

System-Mod{Demod -

System-PLL t i . i
SysemPasave | * System models are behavioral: equation

| System-Switch & Algorithmic based describing node | and V, table
System-Amps & Mixers

4System-Data Models based, etc.
Tx/Rx Subsystems

» System components can be integrated

2 with circuit components.

Filters-Bandpass =

Filters-Bandstop

Filters-High . .
{Fittere-Lowpas 1. « IMPORTANT - System simulation and

data display are the same as for circuit.

—

Typical system design using
...behavioral models

What are behavioral

m ?
BFF_Butterwarth Jr—_— Ode|S H
EIFF s LPF_Bessel

Fcenter=18 GHz AP >

= LPF1
= S21=dbpalar{ 10,180}
BEVWpass=200 MHz P _
. S11=polar(0,0) Fpass=200 MHz

Apass=3dB = i
BiWstop=1 GHz $22=polar(0,180) ngapSaSSSa:ng BehaVIOI‘a| mOd eIS

Astop=20 3 S are described by
equations.
Rl
erm2

=z (Similar to SDD-time
&Zse - domain and FDD-

SideBand=LOWER

L REENONM S ImageRe- = frequency domain.)
P_1Tone LO_Rej1=
RF_source V_1Tone +f LO_Rejl=
MNurr=1 SRC1 RF_Rej=
=50 Ohm V=polar(1,0) ¥ CorwiGain=dbpalar(3,0)
P=polar(dbmtow (-40),0 Fregq=18 GHz S11=polar(0,0)
Freq=18 GHz -1 322=polar(0,180}
539=0

L
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Typical system model: Amplifier

Amplifier

AMP1
S21=dbpolar(10,180)
S11=polar{0,0)
S22=polar{0,180)
S12=0

You specify the behavior:

Behavioral model

Polynomial equations describe nonlinearity:

1 RFSystem Amplifier. Polynomial Model for Nonlineanity:14

Amplifier Parameter Enlry Mode
Instance Mame Standard -
MP1
Equation Editor...
Optimization/Statistics Setup.
Write an equation for the
param eter.

GainCompType=LIST
GainCampFreq=
ReferTolnput=0UTPUT ||

sss |t [_rees | can be optlmlz?d.

Also, some parameters

| Transmission Coefficient, use #+"y, polar(x.y). dbpolarlx.y) for comples: value

0K I Apply | Eancall Reset | Help |

Simulation is the same
for circuit and system (behavioral):

For example, you can build an
amplifier in circuit, and
connect it in a system design.
In this class, you will do this!

spwa  [EE) DplayTempine
1 2 Start=0.1 GHz "SP_NWA_T"
| - Y Stop=5 GHz "S_21_11_wZoom"
=T T35 NumPaints=101
VBias1=0
VBias2=0
Port1 Z=50
e - X
i Simulation:
both amp and
system

Amp
circuit
only Amp circuit +
behavioral
system models
|

This is Hierarchy!
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Data Flow simulation

Data Flow simulation (Ptolemy) is 3 levels here:

1 - Circuit design
2 - System designs with Envelope or Transient
3 - Data Flow (Ptolemy): bits, sinks, TK plots

DSP and CommSys courses
teach details of Data Flow simulation.
However, see NOTE.

o e

Input

Nums:
n L
| 1 | %.. |(.,}I ENVELOPE I R
s]  Envelope SRC1
i 1 em Num=3
MaxCrder=4 2=50 Chm
Frag[1]=LO_freq PedbenlomiLO
" Fraq[2]=RF_freq Freq=L0_freq |
aF  de Order[1]m3
= - Order[2]=1 5$33=0
T = Siopn1 siop PrinL 0= NOTE: the steps shown here
wam, T & SOES S0 are an OPTIONAL exercise in the
S last lab exercise in this course.

&% | What the lab is about ...

Lab 2:

System Design Fundamentals

-
=) [
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Steps in the Design Process

You are here:

* Design the rf_sys behavioral model receiver

» Test conversion, budget gain, spectrum, etc.

« Start amp_1900 design — subckt parasitics

« Simulate amp DC conditions & bias network

» Simulate amp AC response - verify gain

« Test amp noise contributions — tune parameters
« Simulate amp S-parameter response

» Define amp matching topology and tune input

* Optimize the amp in & out matching networks

« Filter design — lumped 200MHz LPF use E-Syn
« Filter design — microstrip 1900 MHz BPF

 Transient and Momentum filter analysis
* Amp spectrum, delivered power, Zin - HB
» Test amp comp, distortion, two-tone, TOI

 CE basics for spectrum and baseband

« CE for amp_1900 with GSM source

* Replace amp and filters in rf_sys receiver

« Test conversion gain, NF, swept LO power
 Final CDMA system test CE with fancy DDS
e Co-simulation of behavioral system

Amp and filter simulation

S-21 measurement verifies bandpass and gain:

Terrm
Terrm1
MNurm=1
7=50 Ohm

BFF_Butterworth
EFF1

Fcenter=1.9 GHz
BWpass=200 MHz
Apass=3 dB
BWstop=1 GHz
Astop=20 dB

mi
freq=1 B00GHz
dB(5(2,1))=7 000

+ Term
| Term2
Murr=2
Amplifier I=50 Ohm
AP =
s21=dbpolar(10,160) L

S11=polarid,0)
S22=polar(d,180)
512=0

m2
ind Delta=200000000.000
dep Defta=-2 753E-14 |

defta mode ON

. S-parameters

: Simulation Setup:1
Data
Dala Displa
sy Brawse...
¥ Open Data Display when simulation completes
Remote imulation Host
[local =l
[Simuai=] ~ Apply Cancel | Hep |

. Deka Mudﬁ!l

—
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Receiver simulation: S-parameters

S-21 measurement tests conversion gain:
BPFF_Butterwarth Amplifier

BPFT i LPF_Bessel Converted Freq = 100 MHz IF
Foenter=1.9 GHz 221 =chpolar(10,130) E‘” R
s esa O 311 =pelar(0,0] pase = Scattering Parameter Simulation:)
Apass=3 dB S22=polar(0,180) CEBEOE .
Btistop=1 GHz 51220 Clpasssld [;‘
Astop=20 B
% Fivcuency  Passmeters | Noisn | Dispig |
Mizxer .
M1 ; )
SitkeBand=LOWER  [Spmmmted
R2 Imagerej= I Ypasmstes
R=50 Chm L0 Rejl= = I oo
e Ermrn
Hurm=1 W _1Tone +[ FFRe= g delag
Z=50 Ohm SR ConyGain=dbpolar(3,0) = E et 11
W=palar(1 07 % =11 =polar(0,0) =
= - 522=polar(D,160
= Freq=1.8GHz _ 533=g (0,180)  Enebloil I
= / Sommeterheq, conw. pot [
. . Leavels
Enable is for behavioral Sisistord [ Neseglorsd [
system models only. R
= Mors " Bl T Dt
}=y
—— 0K, I Apply I Cancel Help

AC simulation with Budget Gain

Budget measurement verifies gain in each stage:

|ﬁ AC
AT

ACA

FreqCanversio i
CutputBudgst!
Freq=1.9 GHz

i Genesate Dudget Path: [&=] MeasEgn
Generate Dudget Path: 1 ey

budget_path = ["RF_source t1""BPF 112" "AMP 112" "MIX1 127 "LPF 112" "Tarm2 1]

]

= &

g o
BudGain PR
BudGain f = & = &

BudGaini=bud_gain(,,50.0, budget_path) g ) _ |:>
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HB simulation with Noise Controller

HB simulation tests phase noise and spectrum of IF:

Phan Mossn Typm |
HB NOISE CONTROLLER ety phue raee o

BPF_BUtterwoth
mg\fecon apPFT Amplifier 7 Frequency £ Caries mising indices
NLNoisaStart=10 Hz T R N (73
NLNoiseStop=10.0 kHz Bitipass=200 MHz =dhpolar(10,180) Py

: Apass= S11=polar(0,0y Fpass=200 MHz
NLNDiseDes=5 pass=3 dB £ 23=polar(0'1 80)
CarierFreg=100 MHz BWistop=1 GHz =p b Apass=3 dB

Astop=20 B

PhaseNoise=Phase noise spectrum
Maisehode[1]=Vaut

g12=0 GDpass=0
> TE . Term :::
. g AN
Mum=2
SideBand=LOWER Z=50 0hm

ComvGain=dipolan3,0) =

| @l HARMONIC BALANCE I

HarmonicBalante
HBaet S11=palar(0,0)

WasOrder=4 P_1Tone 522-polar(0,180) = LO with

Freall}=1.8 GHz o 08CwFhMNoise 533=0
Freq[2]=1.8 GHz = [eE] e h i
Order(1]=3 Z=60 Ohm Frec=1.8 GHz

Order(2]=3 P=polar{dbmitow (-40,0) P=dbmtowi0) p ase noise

Moisecon[1]="NC1" Freg=1.9 GHz Rout=50 Ohm

NoiseConMode=yes PhaseNoise=ligt(l 0Hz-1008, 100Hz-20d8, 1KHz-30d8, 10KHz-40)
El
freg= 100, 0MHZ

T m ic=-30.00 dBic s |
“j =i § ] loomrvouy--2 57 l—— Plot spectrum and

§ o lsetreq=100 0 ' N - i
P uoaﬁc% sl I phase noise.

0 R T . !
1B =1 -1 B4 Boo1 1 3 4

[— e, Oz

Phase Noise NOTE: HB FFT oversample parameter can be increased until answer is constant!

R=50 Ohm

Transient simulation of an SDD

Time domain signal displayed and transformed into the frequency domain:

E L ml m2
205 | TRANSIENT | = A A
fula =

Tran1 w feea7 11nsec ﬁﬁar.nnm-.
StopTime=4 /(100 MHz)| o 1 Vousifismy] Vad=dssiny |
MaxTimeStep=1.0 nsec w5 m & ® %
'\‘ Node currents defined by equations: | =V / Z.

Compare to HB using fs function: dbm(fs(rf_sys_trans..Vout))

Start the

mil
L 0
= 3
A Fregei00 OMHz 'r:‘a 100
g B Vout)=- 16 250) 65=100 OMHZ
e Lot (dbenifs{rf_sys_sdd_trans. Voutj)=-17.321
f‘ a0}
0| L
| bl s
e T T T T
vz o3 a8 8 7 %
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*

Class Exercise
(after lab 2)

HOT KEYS and
Schematic Preferences

*

Efficient ADS Techniques

Would you like to customize the system to be
more efficient for the way you work?
Here are some things you can do:

* Moveable Toolbar: PC only - put it below

 Tear Off Menus: UNIX only - keep some on screen

» Options > Preferences: set these to your liking

» Templates - learn to use them or set up your own

» Examples - familiarize yourself with them

* HOT KEYS - Options > Menu / Toolbar Configuration

>
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Pre-set schematic Hot Keys

Pre-configured keys:

FE7 = Simulate
— = Move Component Text
Ctrl+R = Rotate 90

5::-3:’.\ /
%\%':: \/
Ctrl+M = Move If you don't like mouse clicks,

Ctrl+C = Copy HOT KEY your keyboard.
Ctrl+Z = Undo Its global for all projects
plus more...
— Try this now: click the F5 key, Sligeni-Lone
. Jhm ImbeRej= =
select the Mixer component, move LER;L =

b Lok Rejz=
e !
dycain=chpolaram |
S 1=polari0,0)
-] s23-oclarcaton) |
533-0

i

the cursor and the text will follow!

Set the View > Zoom schematic HOT KEY
Click: Options > Hot Key / Toolbar Configurations...

: Configuration: 3

Hot Key I Toolbar I

Category Item
EditsVertex' ;I Wiew Al
Edit\hadifyh Pan iew

Follow these steps to set
O Tr Zoom Area command:
'oom Dut Paint

Companenth, Restore Last View

Optionsh LI Save View... ﬂ

1. Select the command
Zoom To Designated frea .

2. Typein a letter: z
Current Hat Key:

(not case sensitive)
3. Click: Assign

I o » @ 4. Click: Apply
::::f oy _feset | 5. Now,try the Z hot key
uft

Cea | to verify it works.

Mew Hat Kep

Dl N
ok | ( Apply I) Eance\l Delau\tl Help | ::>
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Next, set these Hot Keys
Options > Hot Key / Toolbar Configurations...

S = Simulate > Setup
A = Activate
D = Deactivate
X = Edit > Move > Move & Disconnect -
L =
and any others you want ... — =

] ) =Y

You will be able to use these hotkeys
for all the labs in this project.

When everyone has finished, continue m====>>

If desired, set Schematic Preferences

s . -
Click: Options > Preferences e e

Select  Grid/Snap ] Flacement | Fin/Tee | Entiy/Edit| Component Test | Tent || Display ||Units/5 cale) tab to set a different

Grid/Snap | background color.

Display 5

g Click None to Color

v remove the grid dots.
) Dots 9 Foreground I- 'I
£ Lines Grid Display Factor

" Hone X Y Iz Back
ground I 'I

Snap Distance - all other modes
Highlight I- vI

Display

Diameter Units

[15 scieen pizels < | "
Color ,i‘ Set All Clear All
N\
U | ( Apply D Reset | Save... | Read... | Cancel | Help ‘

— —

NOTE: Set wire color in - Options > Layers.
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Save the schematic preferences

...and the settings will then apply to all schematics in your project.

Preferences for Schematic:1
Select | Gid/Snap | Placement | Fin/Tee |Entw/Edt |icompanent Text | Tew | Display | Units/Scale | Tuning |

Entry/Edit

Palygon Entry Mode Arc/Circle Resolution [degrees) [5

¢ Non-orthogonal [any angle]

Autobackup edit count €

" Orthogonal (90 degree anale anly]
I~ Show Coordinate Entry Dislog for Insert and Edit commands Swepc  [3omo 10000 =l & &l = ml

™ Show Set Paste Origin Dialog for Copy command

I™ Polygon selfinterssction checking
¥ Mainlain adiacent angles for Move E dge command

%?EP..“?E'e..!!ED].ES...EW.!E”.EPEQE‘”!Q
v

¥ Re-route wire/race after move
¥ Fioute around component test

| Check this to turn it on. |

g
oK | Apply ‘ Reset ‘ Save.. ‘ Head..| Eancell Help ‘

You can also Read the .prf )
file into other projects. * End of class exercise.

Topic 3:

DC Simulations and
sub-circuit modeling

e
=5 I (=
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DC Simulation

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

» Capacitors = treated as ideal open circuits

* Inductors = treated as ideal short circuits

» Topology check: dc path to ground (if not => error message)
* Kirchoff's Law satisfied: sum of node current = 0

» Convergence simulator algorithms (modes) can be set

DC simulation controller

Simulation Controller and Editor (dialog box)

[simulation-DC =
DC Instance Name

f1i) [pc1

WT:%} Sweep | Parameters | Display |

S;J‘E?p % = arameters 1zplay

S| prasup Do

et STREHETEE Parameter to sweep [yos

- - Parameter sweep

Sweep Type [Gnear =]
Sweep: allows you to sweep & Starl/Stap " Center/Span
a parameter but it must be defined Start 1 [Honchd
as a variable. Note the dialog entry z:" ) o None <]

. ep-size 1 Mone ™
automatically puts quotes on the Num. of pts. [
controller (screen) entry.

( ) y " Use sweep plan
[Tr] vAR
VAR |:> VAR1
Vee=3V 0K Apply | Cancel | Help |
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...more on DC

Simulate F7
Simulation 5 etup. 5
Stop and Beleagze Simulatar

Turing
DC Instance Name Highiiht Node..
[pci Clear Highlighting Fg
Swesp Parameters | Display | Exam P le: Annotale DT Soki
L ——— . Elalled Device Operating Point >
device o p , srating Prirt
Max. Delta V 00V Volts Llear DC Annatation
Max. Iterations [250 p 0 I nt Update Dptimization Yalues
: Device Operating Point:1 x|
Mode [Auto sequence = Is —0.0010177 -]
“Levels Fower —0 00203541
= 2
Staws level [7 |
2 _SOURCE SRCL
Hesting level
- 2 I= —0 0010177
Device ing paint level Hoe =0, DuRweaL
= 2
' None  Brief " Detailed -
Output soluti 21| | B
{r Dutput solutions at all steps | oK Print Help

Convergence: increase V or | -
iterations or change mode if ‘
you don’t converge.

Back Annotation -

No settings necessary! | fla DcI

. . . DC
Immediately after DC simulation, currents and voltages are DeA
available. Click: Simulate > Annotate DC Solution.

Status / Summary

Simulate Annotate DT Solution

Detailzd Device Operating\oint DC DCI[1] <[GEMX netlist)>

- EBrief Device Operating Foint C hieved in 20 i
Clear it here LClear OC Annotation N\ | |

Simulation finished.
Current - :

Probe =

Minus sign used for current

e

use values EenE flowing out of a connection.
of current 30 3.03 v Otherwise, current flows into
in the Ve a connection or device.
dataset.

DC Simulation Controller is
required in all simulations if
you want DC annotation.
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What the lab is about ...

Lab 3:

DC Simulations and modeling the

sub-circuit

You are here:

Steps in the Design Process

« Design the rf_sys behavioral model receiver
 Test conversion, budget gain, spectrum, etc.
e Start amp_1900 design — subckt parasitics

¢ Simulate amp DC conditions & bias network

» Simulate amp AC response - verify gain

» Test amp noise contributions — tune parameters
« Simulate amp S-parameter response

« Define amp matching topology and tune input

* Optimize the amp in & out matching networks

« Filter design — lumped 200MHz LPF - use E-Syn
« Filter design — microstrip 1900 MHz BPF

* Transient and Momentum filter analysis

|
i)

« CE for amp_1900 with GSM source

* Replace amp and filters in rf_sys receiver
« Test conversion gain, NF, swept LO power
* Final CDMA system test CE with fancy DDS

« Co-simulation of behavioral system

* Amp spectrum, delivered power, Zin - HB
» Test amp comp, distortion, two-tone, TOI
 CE basics for spectrum and baseband
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Start with some specifications...

AMP with max gain & low noise:

Available voltage: 5 volts

Device: Generic BJT (Gummel-Poon)

Collector current: 3.25 mA

Frequency: RF = 1900 MHz
Gain: >10 dB (or much more with this model)
50 ohm match input/output

Filters: also, build 1900 MHz BPF for the input and a LPF for the IF output

Later on, test the AMP for TOI, distortion, noise, compression,

GSM & CDMA modulation response, and more in labs 3 through 9.

| YOUR JOB: Build, test, and refine the circuits to meet specifications. |

Start with a sub-circuit model....:>

Model the device with package parasitics

Create a sub-circuit to model your components:

|

IDevice s-BJT

BJTHPN ¥JT PP

=
4 4
EJTHEN | BJTPHR

=

M
N BT EERITZ

WheHPH | ¥boPHP

Ceeh | (el

WEIC Mextrm

Insert a device and
a model: Gummel-
Poon BJTML1. Bf
will be a passed
parameter. Vaf is

changed as shown.

Model
Card
BITM1

Ise=0.02e-12

War=50

_ =320 pH
Num=2 = J_ c2

/T

C=1201F

Add packaging
parasitics:

L in pico: pH
C in femto: fF

0

[ ]

C o BJT1 o
| [ Wode=EITHT
oz T

0

Murn=1

1=320 pH
R=

Murn=3

Port connector
numbers: Num=

must be set in specific
order as shown - this
is necessary to use
ADS built in transistor
symbol.

il

C=120fF

>

NOTE: BJTM1 is the
model card name that
will be used for
simulation. Library
devices do not require
this mapping.
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Select a symbol for your sub-circuit

Create/Edit S chematic

it Create/Edit Schematic Symbol |
I i . : — -
i ale) o] <l 2i0] D). SlE]a u ] Ot M!U:EMLEEMQEI';
e | EEEETTENE m— EIN Sy
= Default Symbol
7] ¢ G
C>—f~“—-|_— - J_ | 3
= T T—é— l a
. s — e
Schematic view Symbol view

To use a built-in ADS symbol that looks like an
NPN BJT use File > Design Parameters.
Or, draw your own symbol!

Its easy to use a built-in symbol:

Define the sub-circuit parameters: 2 tabs

Click: File > Design / Parameters D=z

Mane: [ pkg

Design/Parameters:4

Neme: [Gipa

Gonerdl | Parsmeters |

General Paameters |

Select ParamNer
beta

Edit Parameter

Parameter Name

[beta

Value Type

Bl

Desciiption
[EF_pkg - subowout for miver

Symbol Name
[E7M_EJT_NEN]

Simulate &s

T Simulation ——————————————————

Parameter Tope

Library Marne

I Gopy Eomporier:

Sz le g 1.2312)
100
Eonal

&ote: An "™ indicates cuirent pigi

T~ Allow only one instance:

™ Iriclude in BOM

I Layout Object

I~ Simulate fram Lagout [SimLay]

You define the sub-circuit general
and specific parameters:

« Description for library annotation

* Instance name: Q

¢ Symbol: SYM_BJT_NPN

« Passed parameter for Bf = beta

ischematic:

tion

UK | Tave BEL T | Lan

Help

Ok L

Hel | |

You can also specify the layout: sot23
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Insert the model in a new schematic

@l Insert the sub-circuit from the library.

e _pei | bil_phy 15 chematic] 4

= = [l Edt Select Yiow Dum Comgonert Dptons Jook Lavad Sepdain Medow
J| & Component Library/5 chematic: 20 Devigrude Heb
| File Edt View Options Tools elp —39]@|5| Eil 'Uiﬂ'iﬁl?ml nI. :I '*'l@}zli'ha"h:
=] w0 B A=+ = [Simutation-DC =l Jo|==
Libraries Components 9 =
=-All - Companent
= Subrelnaks :I bit_pko 1 bi_pkg :
amp_1900_pi [A/RF) Design
Frequently Used Analog/AF Co parame ters
/ ot follow the
ar sub-circuit:
e SIS Ql, beta, etc.
ies|s] ] e 200] ol slmEinly . v
(== 2l [ £ Seboct Enkes s atarkeg prord Ve _la.-u-- EE
=]
S
=0 S .
= TET ICONS: Push into and
Pop out of the hierarchy.

>

Set up a DC curve sweep with atemplate

Schematic template also has the data display template:

[ 0o oo Y(_)ur model _(bjt_pkg)
B e vacer with annotation and
L b e passed parameter: beta.

Vde=VCE
(6% eaerer sweer | KD'
o beta=150 Data display template:
SweepVar="1B8" l)‘il"(.'!
Glrrlnsbarc,cNa'm:[I;=‘DCl' C IdenIES Use with BJT_curve_tracer Schematic Template
gt °
i:u|'I||<In|'|:rl‘ln'r|r[i;; = .
3 "_.ifiﬁﬁfﬂi‘,!f{;f. 2% &, . v
Sipeiu o e S T s o000
Step=10 ud SweepVarsVCE" o IBB=0.000040
Star=0 N ! ICi=0 oozaleo .
Initialized VARSs: )
VCE=0V NOTE: DC controller sweeps the X-axis and
IBB=0A the Parameter Sweep, sweeps the Y-axis.

>
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Finally, calculate and test the bias network

Calculate resistor values, verify the DC
specs for Ib and Ic, and sweep temperature!

Bias Resistor Calculations

s and Equations

[ ReEl [ Rl |
| 55029.037 ‘ 594.350| " ".' |
I 3.3
%4 mdl |3V T, 34 ma
Probe RC o E
R=590 Ohm A

Start the

m
g o betas160

Back Annotation
verifies DC bias =

Topic 4.

AC Simulation and Tuning
Parameters

_
=) [
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AC Simulation

You get linear small-signal 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

AC Simulation Controller

>

ﬁ AC AL Instance Name
[ac1

AC Frequency IND\SE | Paramelarsl D\splayl

ACA ’

SweepVar="freq" . .
start=100 MHz Use Display tab to toggle the Noise

Stop=4 GHz calculations: yes / no. -
gtelpl:10 M‘j@i @ Start/Stop ¢ Center/Span
Nii(s:eNOfdee[ 1="Vout" o m iz 1]
= Siop [0 GHz |
. . . Step-size 100 lm
AC is a linear or small signal Num of pis o5
simulation and freq is usually set F Usosmeepin [ 1]

in the controller not the source.
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Turn on and set up Noise calculation

AC Instance Mame

Click It
Frequency Parametersl Disp\ayl

M }:‘narameter calculation YOUI’ NOde
Select Edit Names
Viout 'j(

NoTE:Port Sort by name
Noise can be )
included in the or by value:
simulation, but it in the dataset

add | cut | P
does not apply to I | ] o] 1/

~ Moise contributors

NF. Also, Port O e rr— _— Blank gives you
noise is turned N —— Y all contributors
on/off in the T~ ===

sources. ¥ Include part noise in node naise voltages

Eandwidth [4 Hz -

K I Apply | EanEEII Help |

Use specific sources for specific simulations

Use AC sources for AC simulations!

[soures Fieq Doman Aise o1 O = ile| ] Source parameter definitions:

W_AC

30 —— + V_AC is the component name

6 | o6

Vac=polar(1,0) V * SRC3 is the instance name (you can change this)

wio | s

Freg=iieg « Vac = polar (1,0)V is the default)
» Freq = freq is a global variable - you set the start

\flone | Ione

& stop values in the simulation controller

e i
5

7=50 Ohm . -1 i}
Paema ler (i asi(@) @) Num=1 is the port number (use for S-parameters)

Pulse | Square

Freq=freq * Pac = polar (dbmtow(0),0) dbmtow is a function
- you enter the dom value (*see note)

Stoath | Tishgle

PG | ifone

I_AC —— «|_AC is the component

SRC4
loc=palar (1.0} mA * lac=polar (1,0) mA is the default

PuTone | Priarm:

B[ ®

e=li3
Ppect| 090

Frag=irey « Arrow is the direction of current flow.

E
QD .
vt ons, ——» - P_AC = is the component name
Ui Bf%m Num=1 * PORT1 is the instance name (OK to change)

More on AC source settings... |:'>
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Setting AC source values

POWER SETTINGS: The dbmtow b e
function converts power in dbm to PORTA

watts for the simulator. \ o oo
OMFoc=dbmtowi—iol ]

Freg=freq
PHASE: The polar function specifies " Nolsemyes
phase. By default, all sources are
cosine waves. Use -90 for a | Simplify by removing polar |
sinewave.

turned on for the P_AC source. Use o T ooy
Display tab/settings to make visible. Freastrea
Vdc 10 mV is an offset (superposition).

+ F_AC
NOISE and Vdc: By default, noise is \ @ ot

Equations can also be used: P=1W, P=1+j*1W, P=complex(1,0), etc.

Review of ADS Equations

* VAR: pre-simulation - ] e

Use for initializing sweep variables or ::E;zzw \

other settings. VARs are not ) schematic
available in the dataset unless the Ee—
OutVar function is used (later labs). /

Meos| MeasEqgn

meas1

°* Meas Eqn: pre-simulation - Gain_dB=20"log(mag(Vout)/mag(Vin))
Use for calculations to be available in

the dataset (can use node names and

functions).

_ , , data display
° Eqn. post-S|muIat|on -

Use for calculations in the data

display (can include node mv_eairp (magfVout) f magfvin))
voltages, functions, and any

other dataset data). —
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Review the Data Display equation editor

Insert button gives full path (dataset..) if not the default.

Click here for your
DDS equations:

i Enter Equation:1

Enter equation here:

[DD_gain=magiout] / miglvin]

Errors:
[wihile evaluating "DD_gain' B
g ward undsfined <dlngertoc
Error!
q

Wariable Info.

* Functions Hel |
— Gain_dB is a
o] ﬂl Xi [P | schematic MeasEqn.

Invalid equations are red:

SO0 _gain= mag(Vout) / mig(Vin)

() Expressions, Measurements, Sim Pj

Va'ld equations are black: #@ 1 Introduction ta Funetions
= 2 Using the MessEqn Function Re
DD_gain= mag(Vout) / mag(Vin) EU_I_]MeasE n Funciion Heference b
5 o
= lug
* Click Functions Help for on-line manuals: e
B sl cicle

TIP for copy/paste in the Data Display

» Keyboard keys: Ctrl C copies to the buffer
» Keyboard keys: Ctrl V pastes from the buffer

. YOU CAN COPY A PLOT FROM
SERre 193 Vw1 j=-50. 12535 ONE DATA DISPLAY WINDOW

] ¥ TO ANOTHER ALSO!

—50 o

—80 o

-100 o

-120

dEm{hp_ip3. Vaut)

- UNIX users probably know
‘ this but it works for ADS on

-140
4.

the PC also. Try copying a
plot or equation now!

P fraaL MHTo
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What the lab is about ...

Lab 4:

AC Simulations and Tuning

Parameters

=
) e

You are here: |:>

Steps in the Design Process

g

« Design the rf_sys behavioral model receiver
 Test conversion, budget gain, spectrum, etc.
« Start amp_1900 design — subckt parasitics
« Simulate amp DC conditions & bias network
* Simulate amp AC response - verify gain

* Test amp noise contributions — tune parameters

« Simulate amp S-parameter response
« Define amp matching topology and tune input
* Optimize the amp in & out matching networks

« Filter design — lumped 200MHz LPF - use E-Syn

« Filter design — microstrip 1900 MHz BPF

* Transient and Momentum filter analysis

* Amp spectrum, delivered power, Zin - HB

» Test amp comp, distortion, two-tone, TOI
 CE basics for spectrum and baseband

« CE for amp_1900 with GSM source

* Replace amp and filters in rf_sys receiver

« Test conversion gain, NF, swept LO power
 Final CDMA system test CE with fancy DDS
« Co-simulation of behavioral system
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Set up the circuit & simulate with Noise

Use ideal DC blockers.
AC Vcc is a node name.
AC1 Ve +£'\ &
Start=100 MHz R =v.DC
gg:jﬂ?]&m RC -T sRez Vin and Vout nodes
= R=890 Oh Vde=5V . .
Caleoise=yes " ¢ provide data (noise and
MoiseMode[1]="Vout" R = :
R voltage) for equations.
R=58 kOhm
] T Lan mereres T V_AC source voltage =
vin 1] Fﬂ a DC_Block R 1V, cosine wave.
: DC_Block beta=160  DC_Block2 21
" DC_Bloeki R=50 Ohm
V_AC L
ac_source —=— — .
ac=polar{1,0) V Meas Eg n:
= Freq=freq E MeasEqn
Meas1

NOTE: Freq is a global variable.
Here, Freq is controlled by the source.
Use freq=freq, freq=10 MHz, or a variable: freq=F_RF.

gain_voltage= mag (Vout) / mag (Vin)
gain_dB=20 * log (mag (Vout) / mag (Vin))

>

Simulation results...

Two schematic MeasEgns: One Data Display eqn:

Write the same equation
in Data Display as you
did in schematic. Then

freq gain_dB gain_voltage DD_gain .. |

1.500GHz 14.736 5455 5.455

1.600GHz 14.649 5401 5.401 pUt It Ina ISt

1.700GHz 14.559 5.345 5.345

1.800GHz 14.465 5.287 5.287

1.900GHz 14.368 5.229 5.229

2.000GHz 14.268 5.169 5.169

2.100GHz 14.165 5.108 5.108 Disleeel el Brells Traces

2.200GHz 14.081 5.047 5.047 .
Trase (IplEns

aain_voltage
gain_dB

>xAddy>

s >

ERlYdB_Gain=20"log(mag(Vout) / mag(Vin))

Edit the traces on-
screen: all are equal.

16

mo
N\ . s req=1.900GHz
-8\ P [dB(gain_voltage)=14.368)
2Ze \«
;iglt:" ‘
e a z ) o w7 ,
g freq=1.900GHz | [freq=1.900GHz

\gain_dB=14368 |dB(DD_gain)=14.368
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More AC results...

[
Datasets and Equations  [RLTISIVETCE]

ac_sim ~]  ‘You are adding complex data ta a plat Calculate group de|ay with an equation

that only supports scalar data

How would you i 1 handis i data? using Phase data. Also, control marker
coa readout formats.

 dBm

" Magnitude

Selilgroup_delay= (1/360) * (- diff (phase(Vout})))

Format Significant Digits
50.00p mi 1 IEngineering =z
B . m1 indep(m1)=1.90G Camplex Format
g 40.00p-] v group_delay=37.9p  [\jzgphace =l
o 1
3 30.00p—
) 1

0.0000 1.000G 2000G 3.000G 4.000G
indep(group_delay)

Use the what function...what?

i Browse Data:0 Topics | Index |Favorites

U3 Expressions, Measurements, Sim. P:’

WVout
% Depend [ireq) 1 Introduetion to Functions
apendsncy [l - :
Netn Prte. (3811 VariableInfo... [ | FuncionsHelp | o 2 Using the MezsEqn Function R

Matrix Size : scalar ([ 3 MeasEqn Function Reference
Type - Complex 1
abedtoh

abedtos
Close abedtay
abcdtoz

Examine the data using the what
function and the Variable Info.

what (Vout) freq what (Vout)
Dependency : [freq] 100.0MHz 5801/178.244
Num. Points : [391 ] 200.0MHz
Matrix Size : scalar 300.0MHz 5.883 /174.891
Type : Complex| 400.0MHz 5.868/173.199

>

43



Sweep battery voltage

For an AC simulation, use a parameter sweep of a
dc value which is assigned to a VAR.

|$§| PARAMETER SWEEP | l

ParamSweep - ..;;_RE())} VAR1
Siveep ] - e Vbias=5V
! Vdc=Vbias

SweepVar="vVbias"
Slm\nstanoeName[ =
SimlnstanceMName[.
SimlnstanceMName[3]= mg
MY |freg=1.900GHz
g %\VbiaFS 000000

M

freq=1.900GHz

“hiag=3.000000

mag(ac_bat_sweep. Vout)=2.813
L T

[

SimlnstanceMame([4]= =
SimlnstanceMame[5]= = maglac_bat_gweep. Voun=5.229
SimInstanceName[6]= oy \
Sl 5 _%\ %EE
Stop=5 Pl
Step=0.25 o W=/—F—"F—Fm

=

£

Note the explicit dataset path..

T T
oo o5 10 15 20 25 30 35 4D
freg, GHz

OPTIONAL - tune sub-circuit parameters

— Set up a variable in the sub-circuit VAR
o and tune several parameters from VAR2
eta=160 L_in=320 pH
AP the top level.
O.._.,_DIYY\_
L
Part
. : i
Select a parameter to tune by clicking on it 1 i\\‘aa\z% e} Wi~ R= -
. _ ] freq=1.900GHz
: = ] db(vout)=12.750
TeceHioy [ e = .1
—_—
ac_sim YARZL_in [pH] lma
T T T T T T T
oo 05 10 15 20 25 a0 a5 a0 Start the
RGN o from, Gz lab now!
P—

ac_sim.01.beta [172.800 _Ij

Update | Detaik | Fesst | Cancel | Help
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Topic 5:

S-parameter Simulation and
Optimization

22
) e

S-parameters are Power Ratios

(voltage ratios squared)

S-parameter ratios: S out/ S in These are best

+ S11 - Forward Reflection (input match - impedance) 7] chart(nextslides).
* S22 - Reverse Reflection (output match - impedance)
« S21 - Forward Transmission (gain or loss) These are easier

» S12 - Reverse Transmission (isolation) to understand and
simply plotted.

Results of an S-Parameter Simulation in ADS

» Read the complex reflection coefficient (Gamma)

» Change the marker readout for Zo

» Read all four S-parameters

» Smith chart plot: use for impedance matching (S11 and S22)
 Similar to Network Analyzer measurements

viewed on a Smith

45



The Impedance Smith Chart simplified...

This is an impedance chart transformed from rectangular Z.
Normalized to 50 ohms, the center = R50+J0 or Zo (perfect match).
For S11 or S22 (two-port), you get the complex impedance.

Top Half:
Inductive

Reactance (+jx)

Circles of constant
Resistance

>

SHORT/ 5 @ 100 \opEN

|

Bottom Half:
Capacitive
Lines of constant Reactance (-jx)
Reactance (+jx above
and -jx below)

Zo (characteristic impedance) = 50 + jO

The Smith chart in ADS Data Display

Impedance: Z Z=0+j1 Reflection Coefficient: gamma
Z=real [/ imaginary S(1,1): mag / phase
0 to +infinity / -infinity to + infinity Otol / Oto+/-180

Z=0+]j0 Z=infinity + j infinity
Gamma or Gamma orS11=1/0
S11=1/180

ADS marker
defaults to:

S(1,1) = 0.8/ -65
Z0* (0.35-]1.5)

but can be
changed give
Z=0-]1 values in ohms.
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S-Parameter Simulation Controller

Scattenng-Parameter Simulation:2

Default sweep = Freq

S_Param Instance Name

arametersl MNoise I D\splayl

The simulator requires port
termination: Num =1

Frequency

Sweep Type T >
ffy| S-PARAMETERS —

% Stat/Stop  © Center/Span
S_Param Star [ [ =]
SP1 Term . Stop | Ex—|
Start=100 MHz o, Swesis [ [ =]
Stop=4 GHz Z=50 Ohm Num el pts. [

Step=100 MHz =

= I~ Use sweep plan -

Sweep plan can also be used (see next /

slide). Either way, simulation data (S matrix)
will be for the specified range and points. ok | ek | Cacel| kel |

>

Other S-Parameter controller tabs

Parameters Noise
S_Param Instance Mame S_Param Instance Mame
[5F1 |l
FrequencyNo\se Display Frequencs Parametls IEL
I ! Calculate other 2y | o |
FHsEe———— parameters.

W S-parameters
™ ¥-parameters
[~ Z-parameters

Enable Frequency ¥ Lalouate noise
Conversion for a mixer.

I~ Group delay

Lratip delay spetire Facg

- Frequency Conversion

¥ Enable AL frequency conversiort

S-parameter freq. conv. port [q

Le
’V‘Staluslaval [z Mestinglevel |2—‘

Device aperating paint level
’V(-" Mone ¢ Brief ¢ Detailed

Moise contributors ————————————————
_— Mode [or ]
Callculate SS noise - same Jynanic range o displey [ 4B
as in the AC simulation. Bandiidh [r5——[oe =]

L

message on temperature.

NOTE: Insert the Options controller

for a noise simulation = no error e Fiaseves |:>

MaxiWamings=10
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Sweep Plan with S-parameter simulations

Sweep Plan is for sweeping FREQ.
Otherwise, use a Parameter Sweep
for variables (Vcc, pwr, etc.)

S-PARAMETERS I

=

S_Param

SP1

SweepPlan="SwpFlan1"

Start=100 MHz

Stop=4 GHz — .These ar.e

Step=100 MHz ignored if
Sweep plan
is selected!

SWEEP PLAN I

SweepPlan

SwpPlani

Start=100 MHz Stop=4 GHz Step=100 MHz Lin=
Start=1.8 GHz Stop=2.0 GHz Step=2 MHz Lin=
UseSweepPlan=

SweepPlan=

Mixer designers:

SweepPlan— | H

ere is a plan for an

SweepPlan Instance Name
[5uvpPt=rit RF, LO, and IF.
Sweep Type Single paint

Parameter
PLo1200 MHz & Stat/Stop. ) Center/Span
Pt=1300 MHz Parameter IW Nore |~
Stop l— =
Step-size l— -
ot pts, l—
ﬂli‘ Paste | ™ Mest Sweep Plan
[ [
ok | Aoy | Cancel Heb |

Here is a sweep within a sweep. ‘

>

Typical S-parameter plots: ADS data display

Plotted S21in dB vs frequency

A mi

dBiSi2,10)

T T T T
op o0& 1D 15 20 25 3D 35
freq, GHz

Complete S-matrix with port impedance

Plotted S11 on a Smith Chart:
note marker readout.

m3
¥

301,13

|

|

m3
freq=1.900E2Hz

impedance = 54

S(1,1)=0855/-3 631

9.480 - j221.017]

freq (100.0MHz to 4.000GHzZ)

. 5 ; Port

req ] B )] ] red PortZf1)  PorZ(d)
T00.0W 78737 7390E-. 12036/ 04947. | 100.0W. | S00007.. 00007
200.0M 0878/ 7O7EE-. 120204 0883/ 2000M. | 500000/ 50000/
300.0M 08re/ 1729E-. 11894/ 0892/ 3000M.. | 50000/ 500007
l400.0M 0877/ 2556E-.. 10.0190. 0994/ 400.0M... | 500007.. 35000/
500.0M 0eris 4007E- 982/ 0993/ 5000M° | 50000/ 35000/
B00.0M 0878/ 5816E-.. 9938/ 0991/ §00.0M.. | £0.000/.. 35000/
700.0M 0675/ BO13E- 9888/ 0990/ 7000M° | 50000/ 350007

Note marker
readout is x50.

>
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S-Parameter measurement equations

Example: 3 circles for 3

i3 All simulation palette_s have sp_ecn‘lc different values of gain.
SF | Options measurement equations. You insert
&#| the measurement equation and set
Prm$ B
Z%! the arguments if necessary. Here, S
t TE?“ is the matrix, 30 is the value in dB,
and 51 points used to draw the circle.
haset| [ [idset ;
famy = .
wéeas Zopt | HPwrl WN_
emp qh aC chet
(2 e P
NPurh ) ZLnh Arguments explained
MauGiain | Pwrain @ @ )\ brlefly here.
Gple| GaCir
N S
Woltiain | VSR @ @ @
& w GpGir | GsGir
GaCircke
GainRip Mu ? 4 GaCirele =] Dmn«mmm
Gl Gir | S&thGir G"aQrc|‘e1 Py |
J. J GaCircle1=ga_circle{S,30,51) e e
m“ m‘ LstbGir | Waple el
ST £ _I (v | [Cood| [Mmwr| |[Hoe |
14 . .
st‘;‘ws St M@i @ You will use some of these in the labs...

Creating Matching Networks

« Various topologies can be used: L, C, R

» Avoid unwanted oscillations (L-C series/parallel)

* Yield can be a factor in topology (sensitivity)

» Use the fewest components (cost + efficient)

» Sweep or tune component values to see S-parameters
» Optimization: use to meet S-parameter specs (goals)

—\

NOTE: For a mixer,

In the lab, you will match S11 @ RF and
optimize the match for S22 @ IF.
the amplifier.
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Matching means:

Moving toward the center of the Smith Chart!

Add Series or
Parallel (shunt)
components.

You will do this

in the lab.

Adjust the value
to move toward
open, short,

L, C,or

center of chart.

ADS Optimization Basics

DEFINITION: Optimization is a simulation
that tries to achieve a performance goal.

=>» Start with a simulation that gives you results.

=>» Set up the optimization which includes:

w A search method.
w A specific goal or specification to be met.
1» Enabled components or parameters to be adjusted.

NOTE: ADS has both continuous and discrete optimization. Yield
analysis or a yield optimization is also available.

—>
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Optimization palette: Controller and Goals

IOptim.-'Stat!Yield

Sweep
Flan

&

=
El
@
=

o

i
&

Four steps for optimization:

/ Optim controller: set the type, etc. ~ gam oo

In general, we recommend

Opti Tield .
— = Goal statement: use valid GOAL
speo] | o LA measurement equation gl
Expr="dB{S(1.1))"
@ or dataset expression. e -
“fd0pt Min=
Max=-10.5
Enable component (opt).
L
ilﬁim kOhm opt{ discrete 80 kOhm to 100 kOhm by 10 kOhm } Type of Optimization: :I>

s [

5P

using Random first, then using
Gradient. Also, first tune and

then optimize.

Simulation controller.

Many Types are Available

Random & Gradient are often used together... |:>

Optimizer

Description

Random

Random seatch method with least-squares error function

Random Minimax

FRandom search method with minimax error function

Gradient

Gradient search method with least-squares error function

Gradient Minimax

Gradient search method with minimax error function

Quazi-Mewton

Ouasi-Mewton gearch method with least-squares error function

Least piB Quasi-Mewton search method with least Pth error function

Iulirnitn ax Two-stage, Guass-NewtonCOuasi- Newton method with minima
etror function

Random Max Random search method with procedure to internally negate the error
funections to get error function maximization (worst cage analysis)

Dizcrete Dizerete optimization, provided there is at least one discrete valued
optimization parameter in the design.

Cenetic Ditect search method using evolving parameter sets

NOTE: See manual for details (minimax function works well for filters).
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Goals and Error Function

= The goals are minimum or maximum target values.
=>» The error function is based on the goal(s).
= The weighting factor prioritizes multiple goals.

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

— [ = Wilm\‘Sil :>

Si is the simulated ith response (example: S21= 9.5dB)
M; is the desired response for the ith measurement (example: S21=10dB)
W, is the weighting factor for multiple goals: higher number is greater.

Simulations continue until the maximum iterations is reached or the error
function (summation of the residuals) reaches zero (same as 10 dB).

More about the Error Function...

|optimistatrrield =] [optim

Free] | §137 . .

| ] | | W] o I Least Squares: Each residual is

[E=lied Ol squared and all terms are then

5| i ; )
o [ 422 Ontmiypecragert SUMMed. The sum of the squares is
Jetiny ErrorForm=L2
f averaged over frequency.

% I'\:'Azé\ters—%
DesiredErrar=0.0 . . . .
StatusLevel=4 Choice of optimizer determines these settings.

Least Pth: The Least Pth error function formulation is similar to the previous
one, except that instead of squaring the residuals, it raises them to the Pth
power with P=2 , 4 ,6 etc.

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

Worst case: minimizes the reciprocal of the least squares error function.

This has the effect of maximizing the error function. The goal is to find a |:>

worst typical response for a given set of parameters.
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Using a combined approach...

Random analysis often gets you close Gra_dient analysis_ may get stuck_in a local
to the goal (minimum error function). minimum (not optimal error function).

—>

Using both RANDOM and GRADIENT can reach the
NOTE: Random is not desired goal - others work similar (genetic, etc.).

totally random. It uses an
adaptation that helps it
move closer to the goal.

Error function

Parameter value

Hybrid

You will do this in the lab!

ADS Optimization Setup

Optim palette: insert controller and goal (more on this later)

Optim{StatfYield
[opintsiare Voual .
_ ou always need a
]| 45 optmt simulation controller.
P Swp OptimType=Fandom
p— EmarFarm=17
S Miadiers=155 % | S-PARAMETERS
Options i P=2 e GOAL |m| I
DesiredError=00
Tieid L] Srcielaveid Goal :'-:':‘ﬂrﬂm
B W ?L‘lHL:SlVUhJL".i—)’\.".i OptimGoalt SR
— S Expr="dB(S(1,1))" Stop=1350 MHz
( Rz —_ i hlame= SR Slep=10 MHz
L J/ ¥ldopt Min=
Max=-10.5
Weight=
RangeVar{1]="freq" Set the step for the

RangeMin[1]=1850 MHz
RangeMax[]=1950 MHz < Rangevar

Edit the component, then click _ Optimization/Statistics Setup... | I—>

to enable for optimization.

Details on next slide:




Enabling components for opt or stats (yield)

| S tatistics |
Dptimization Status [Fpahled v/

Once enabled, you can specify a continuous

or discrete (stepped) variation
v

Gaussian, Uniform, or

Stalisties Status [Enabled | / discrete. Results will

be viewable in the
data display.

NOTE: If discrete values
are not realistic, use file
based: DAC

Type Discrete 5
Format min/max/step - Oplinizstior| Statistes
Nominal Value
100 kDh b "
I I m_[5] Type Gaussian M
Minimum Yalue F
ormat +/- Delta % 2
Iz0 Ikl]hm j Hominal Value
Maximum Value
[1z0 [kohm 7] [104 [konn =]
Step Yalue Delta 2
10 [kOhm =] [ [ =
I~ Post Production Tuning
R

PPT is an optimization
within a Yield Analysis
only. Allows value to be
shifted to achieve goal.

R1
R=100 kOhm opt{ discrete 80 kOhm to 100 kOhm by 10 kOhm }

— noopt = disabled

(after optimization):

| R=96.527 kOhm noopl{ discrete 80 kOhm to 100 kOhm by 10 kOhm }l

Discrete Optimization for Library Parts

Inserted library part with listed range of values (like a DAC)

+ AVX CR Series, 10 Case. K Tolerance.

s1_avx_CR_10_K_19960828

Instance Name
[R1

Select Parameter

PART _NUM=CR10-2R2K 2.2 Ohm
SMT_Pad="Pad1"
OFFSET=0 mil

i e

161 Parts: 2.20hm-10M0hm, +/-10%

Parameter Entry Mode

CR10-2R2K 2.2 Ohm =
Discrete optimize: o] — T
Vanable Part Index
CR10-2R2K 2.2 Ohm

CR10-5R1K 5.1 Ohm o

[V Display parameter on schematic

Component Dptions._. I

[PART_NUM -

114 I Apply | Cancell Reset Help |

Parameter Entry Mode

i
Nominal Value
[CR10-2R2K 2.2 Ohm =l

Minimum Value

[CR10-2R2K 2.2 Ohm =l

Maximum Yalue

CR10-106K 10 MOhm| hd

CR10-435K 4.3 MOhm
CR10-479K 4.7 MOhm
CR10-515K 5.1 MOhm
#|CR10-565K 5.6 MOhm
CR10-625K 6.2 MOhm
CR10-685K 6.8 MOhm
CR10-755K 7.5 MOhm
CR10-825K 8.2 MOhm
CR10-915K 9.1 MOhm
CR10-106K 10 MOhm
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Yield Analysis: % meeting specs!

Example: 200-400 MHz (50-to-100 ohm) Impedance

Transformer. Simulation tests the % of circuits to | NOTE: Optimize yield results by
meet spec using component values with defined changing the nominal values until

statistical distribytions (stat).

examples/Tutorial/yldoptex1_prj

you get maximum (near 100%). See:

L
L1 Lz
L=L1v nH L=l2vnH

Srv v
L +
Tem l Tem
Term1 Term2
Nom=1 (C;1 gz Num=2
7=50 O =100 Oh
m T C=C1v pF 0=C2¢ pF m
1

%

f

S-PARAMETERS |

YieldSpec Yield

Spec Yield2

ES;EF"dE(S‘\ 7 5_Param N

SimnstanceMame="SP1" gﬂrmu Mh X PPT_Mode=nane

Mir= . Optpreviously run  ShadowhodelType=nons

Max=-18.0 dB Stop=500 Mhz Seed=

Waight= T AR Step=10 Mhz SaveSolns=yes Random
Save= VARZ SaveSpecs=no seed
Rangevar|1]="freq L1v=2.270670e+01 opt{ 10 to 50 } stat{ unifarm +- & % ] SaveRandvars=no

Rangehin[1}=200 Mhz
Rangehax[1]=400 Mhz

UpdateDataset=na
UseAllSpecs=yes
YieldSpecMame[1]=
StatusLevel=2

*AS an extra exercise: | Step 1- Copy: examples / Tutorial / yldex1_prj |:>

C1v=8 7124506400 opi( 1 ta 10 } stat{ uniform +- 5 % }
12v=4.356221 401 opt{ 10 1 50 } statf uniform +/- 5 % )
(2v=4.5413522400 opt{ 110 10 } statf unifarm +- 5 % }

dB(S(1 1))

-80

Yield Analysis Results (data)

Refer to this and the
previous slide to setup
your own Yield analysis
after the class.

Step 2 - Run the simulation once. Then change the specs
and resimulate. Or, try it on your own circuit!

78% will meet spec

Spec is -18 dB S11 [ vElDsPec |
from 200 to 400 MHz. — Zoom view- small
Spect "

pivgM  EeseBEly «:| number of results
SiminstanceMName="3P1 .

v outside of spec.

Max=-18.0 dB

Weight=

Save=

Rangevar1]="freq"

RangeMin[1]=200 Mhz 1"

RangeMax[1]=400 Mhz el T

Toscne

[ Viekd
|

aws Yield Dataset results are stochastic.

| T T | T | T
100 1580 200 250 300 350 400 450 500
freq, MHz
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Additional information:
frequency sensitive components!

Z-PORT: equation describes changing Z with changing freq

1 siP Em
+ S1P1
S5[1.1]= . .
! z[[”:]z_mer Note the ADS syntax for Z increasing as
freq (global variable in ADS) decreases:

= if then elseif then elseif then else endif
T VAR
VAR1

Z_filter=if freq < 1 GHz then 100 elseif freq < 500 MHz then 1K elseif freq < 1MHz then 10K else 1h endif
CAPQ and INDQ: equation describes changing L or C with freq
8_Param

f = : . T
! fraq=5 000Gtz = =
= {B(S(2,1)}=-1.445 Luif freq > 5 GHz then 1.0 nH else 2.0 nH endif
! / Q=998
Start=1.0 GHz 104 \vf = = :‘;ﬂgﬂx"
Stop=10.0 GHz ] / =
Step=1.0 GHZ 1

SP1
= = Rde=0.0 Chm

&% | What the lab is about ...

Lab 5:

S-parameter Simulation and
Optimization

2
) e
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Steps in the Design Process

« Design the rf_sys behavioral model recei
 Test conversion, budget gain, spectrum,

ver
etc.

« Start amp_1900 design — subckt parasitics
« Simulate amp DC conditions & bias network

» Simulate amp AC response - verify gain

« Test amp noise contributions — tune parameters

You are here: Simulate amp S-parameter response

* Define amp matching topology and tu

ne input

¢ Optimize the amp in & out matching n

etworks

« Filter design — lumped 200MHz LPF - use E-Syn

« Filter design — microstrip 1900 MHz BPF
 Transient and Momentum filter analysis

» Test amp comp, distortion, two-tone, TO
 CE basics for spectrum and baseband
« CE for amp_1900 with GSM source

@
H

EEis] « Amp spectrum, delivered power, Zin - HB

» Replace amp and filters in rf_sys receiver
« Test conversion gain, NF, swept LO power
 Final CDMA system test CE with fancy DDS

« Co-simulation of behavioral system

First Step: Simulate with ideal components

R

it GA| SPARMETERS || glifferent datasets

J
RC = v._oc
R=530 Ohm -T src2 S_Param
= Vdc=\blas SP1 Datasets and Equations Traces
RE = Start=100 MHz ac_sim - Tireice (iptars,
Stap=4 GHz ———
R=56 kohm T pryerrs o gan_ &
DC_Feed fre HBEE1
DC Feed DC_Feed2 @ VAR il srAddyy
= gain_voliage N
DC_Feedl VAR1 SRC2i 1
Vblas=5V
I 27 —-—-—._.___‘___‘nil",,,‘
[ " bit_pkg 1 s } ind Delta=0.000
. | LA | (+1] DC_Block ferm el | dep Delta=6.054 |
BC._Biock beta=160 DC_Blockz Term 3 5 delta mode ON
Termm  pC_Blockl = Mum=2 EZ "3
Term1 1 L z=500nm :,ﬁ e .
= MNum=1 - — " freq=1.900GHZ T .
— Z=50 Chi
= - ac_sim. gain_dB=14,368
<Plot the data and compare to ac_sim data. A
. . freq Gz
*Change Term Z and list the S matrix.
p S p ParZ
red S0 SEM] SR 2.0 redq PorZ(1) PO
T000W. | 0878/ 2492 12036/ U094/ . | T000W. | 500007 500007
2000M.. | 0879/.. 787EE-.. 120204. 0993/. | 2000M.. |500007. 50.000/
3000M | 08787 17206 17934/ 0993/ | 30000M . | 500000/ 500007
400OM . | 0877/ 2556E-. 10018/ 0994/ | 4000M . | 50000/ 350007
5000M. | 0877/. 4007E-. 9982/ 0823/ | 5000M . | 50000/ 35000/
BOOOM . | OB76/.. 5818E-. 09934/ 0891/ | BO0OM . | 500007 35000/
700.0M 0875/ BO13E. g88a/ 0890/ 70000t 60000/ 350007
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Calculate C and L values and re-simulate

Reactance of 10 pF at 1.9 GHz and a list of L values:

L_val XL
@eIXc=-1/(2* pi * 1900M * 10e-12) — ok i * ~ 7 100E@ 547 602
I XL= 2" pi * 1900M * L_val L onEs d66 803
. 9,100E-8 1086.363
Cap value: reactance at 1900 MHz L | ’ 10 200 :“ ?%‘EE,; %‘%gg %/;213
| X | _val=[1n::10n = n] 1210E-7 1444 504
| -8.377 1.310E-7 1563.885)
: L]
_— Yy
Voo - 1 |2
v 7 lreg=1.900GHz
R +|Vee wH HIB{S(2.1)1=20.283
RC =V
| =580 Chm _T sRc2
R r | “do=Vhias
RB
R=58 kOhm DC_Feed2 —
L=120nH
B = VAR —
DC_Feed? xﬁgg:E v
L=120nH \
R= |
bjt_pkg E ‘ m‘.l:
Term c bQ;ta’WBn DC_Block2 Term . ! ’ ) fi
Termn 1 e c=10pF Termz
Mum=1 c=10 oF = MNum=2
Z=50 Chm

L 7=50 Ohm

Tune the input match

Use detailed Tune
control with small
increments!

Select a parameter to tune by clicking onit, or click on the component button to select by component

Simuate:
= A i
race History IW—E‘[ Tune t::'hllrrn'—" C_match_in
C1 pF
R
1 Hin [ S @ Ln C Log 2= I
s_params.C_match_in.C [pF) l—j1 G| Mas F Step Size: Click here to change =

the value in steps.
Then press Tune.

I A Hin ———

<«—— Setmin and max
— ranges and step
Campanent | Update | Bt | Fieset Cancel | He\m\ size.




Optimize the output & input match

[optimaseid I fan 3 o] +| = dlas]

OPTIM I | GOAL I I GOAL |
Optim ey
Optim1 OptimGoall O_'Jhm(: al2
OptimType=Random Expr="dB(S(1.1))" Expr="dB(S
ErrorForm=L2
Maxters=125 Min= Min=
p=2 Max=-10 Mae=-10
DesiredError=0.0 Weight= Weaght=
Statuslevel=4 RangeVar{1]="req" RangeVar(1)="Trag"
SetBestvalues=yes RangeMin[1}=1350 MHz Rangehdin{1]=1850 MHz
Seed= RangeMax{1}=1850 Mz Rangettad 1]= 1950 MHz

SaveSolns=yes
SaveGoals=no
SaveOptimvars=no

* Random with 2 goals
UpdateDataset=yes

UseAllGoals=yes *S11: -10dB
*«S22: -10dB
REVIEW of 4 steps: -
L_match_in

« Set up the OPTIM controller L=14.3 nH opt{ 1 nH to 40 nH }
« Set up the GOALS RS

L_match_out
L=10nH

C_mateh_out
I C=0.5 pt

« Enable the components |
« Setup the simulation

Optimization | statistos |

Optimization Status [Enatled -~
Type Continuous -
Fomat mindmax -

Nominal Y alue

Minimum W alhue

Mavimun ¥ alug

jv

I Post Production Tuning

Display opt data, update and simulate

Status / Summary

Iteration Trial #45 ©
CurrentEF: 0

3

=
Optinization variables .
C_match_in.C = 339,73%e-15 noE—
C_natch_out.C - 21661715 5
I_match_out L = 27, 1488e-09 3" m.smnnrw
I match_in.L = 18.4433e—09 R aiiler=45
umuc! 11=36.05]

g e
s i@ o

Simulation finished: datasst “s_

g, Gz

g=1.900|
u\‘ \]—D IJ-I 1-97 480
.mneaarae 42767 - 10406

ESHT

n.
=1 QO0ESHT
Jl’ I=0035/-105.270

pater40 .
.'r\;aedamr =Z0"(0.979- 10067

T (10 GOMAE 1o S O000HE)

Oplimization | Stalistcs |

L_match_in
L=18.5 nH noopt{ 1 nH to 40 nH } n
= |Ipdate Optin
- Optimization Status [Dicapled =
C_match_in )

I C=0.34 pF noopt{ 0.01 pF to 1 pF }

L_match_out
L 27.1 nH noopt{ 1 nHto 40 nH }

:[E _match_out on o3 1 13 18

c 0.22 pF noopt{ 0.01 pF to 1 pF } e Ghz

im
freq=1 900E3HT
Bi1,1)= I:CIZE'I:I-:I
Impedance = 46.025 + j0.2

frady (10 00MHz 10 4 0000HZ)

Final values look good!




Next, use built-in measurements

S-parameter simulation with gain and noise circles, and stability.
These are built-in measurement equations from the simulation palette.

|| oemions
) & You set the |
Gaciroe NsCCH arguments if ?:,,,.,, 85
GaCircle NsCircle necessary! B e T
GaCirclei MsCircle1 Lol o~
GaCircle1=ga_circle(S,30,51) NsCircle1=ns_circle(nf2 NFmin, Sopt, Rn/50,51) unwm-m
NOTE: Listed results from noise turned on in
Mu MuPrime H i
it WiPmed the simulation controller.
Mul=mu(S) MuPrime1=mu_prime(S) [ freq | NFmin | nf(2) | Sopt
‘ 1.900GHz | 1075 | 3264 | 0.7931-20.468
m
w0 i
26|
T 20
1= L]
=3 m&
.2 [Teg=1800GHz freq 1 90}?«@
) huPrime1=2.916| [Mu1=2.993
2 T T T T
14 185 18 1e0 18z
freq, GHz

Last step: Read / Write data files

& Write an ADS “S” dataset as a Touchstone file,
ml then Read it back in... as if it came from a Network Analyzer!

e 1R i H\lm'l
Murri=1
e Ca [P =50 Chm
Wka Ta HI ||
 Fie =
Mook At
{ Jomomiosen SWEEP PLAN
S seamerers | [ ran
aram il
SepPlant
= P Start= 100 MHz Stop=3 GHz Step=100 MHz
(T3 | Start=1 z Stop=3 GHz Step=100 MHz
< — —— SweepFlan="SwpPlan1" UsaSweapPlan=

m,’_ﬂ . Fonard Trammission, a8 SwespPlan=

Start the

Inhie o Pl

Use a Sweep Plan and compare the.md;a!ta.

60



Topic 6:

E-Syn, Momentum,
Transient and the DAC

22
) e

USing E'Syn Quick S-parameter simulation

What does E-Syn do?
It makes it easy to create FILTERS and Matching Networks.

E-Syn user interface is a little
different than the ADS interface.
Also, you could use a Filter Design
Guide instead of E-Syn. This may
appear in future releases of ADS!

« You specify the TYPE of design, the
RESPONSE, and the BAND.

* SYNTHESIZE the design and you get a =
selection of topologies and values.

* ANALYZE the design and plot the response in
the ADS data display. Optimize if desired.




MOM engine gives

Using Momentu m S-parameter results

What is Momentum? E-M (electro-magnetic) solver using Method of Moments
technique and Green'’s functions to compute the current in planar structures,
including vias and the coupling between surfaces.

Antenna patterns!

Why use Momentum? C)
* You have no accurate model for a passive layout. e
 You want to know the coupling effects between structures. jf

* You want to optimize the layout real-estate, performance, etc. =
« Your other structure simulator takes too long to simulate!
* You want to use the results in ADS simulations.

Example spiral meshed as a “strip” 7 iy

geometry. ) : {@‘,\
Hole in ground plane is meshed as a S| |

“slot”, which is more efficient than - 4

meshing the entire ground plane. L - A :

Transient simulation

* Analysis performed in the Time Domain

» Use any Source

* Solutions use Newton_Raphson iterations
* You get Amplitude vs. Time

» Time Domain data can be transformed: FS

NOTE on Convolution:

fhfiﬁ | TRANSIENT I Frequency domain models (microstrip) can be brought
into the time domain and converted to the time domain -
Tran then convolved with the time-domain input signal to
Trani obtain the time-domain output signal. The convolution
StopTime=15/{1900e6) tab in the transient simulator allows you to define
MaxTimeStep=1/42*15"1900e6) methods and settings.

—>
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Transient simulation controller

Simulation-Transient Integration: step control & error (default:Fixed)

Transient/Convolution Sir.ulation:14 [x]

]

Tran Instance Name
[Trant

Option:

Fweer)

El
El
5

Time Setup | Integration | Convolution | Convergence | Optic 41 *
1

F &

{;'l'« TRANSIENT

AR

] | Oupt Times | Tran

) e

T T P ,ﬂ,N__,j StopTime=2 / (100 MHz)
10 nsec ¥ s =

i | Lt (O — | MaxTimeStep=1.0 nsec

g
E
&

[¥ Limit timestep for Transmission Line

Time Step is critical ! Ignored if no TL’s

Setting the Transient Time Step

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

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

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

m;umv 15/ 1900e6)
1/(2 x 15 x 1900MHz) = 17.54 picoseconds. —— MaxTimeStep=1/2"151900e6)

—>
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Setting the Transient Stop Time

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

Dataset

A
e 7\/
Start Time Stop Time

NOTE: Transient analysis can be tricky. Sampling before a circuit reaches steady
state will not give correct results when transformed into the frequency domain.
Also, you must use a time step that is a multiple of the frequencies of interest or the

results will not be correct.

Using a DAC (data access component)

For optimization, R1 is assigned to a file which is read

Data ltems

by the DAC. “res_std.dscr” contains an index and a
list of values (r_val). Inthe DAC, variable ivVall is
&l enabled over the range of indexed values beginning

with iVarl which is the first index point in the file.

InterpDom=Rectangular
ivart=1
iVall=0opt{ 0to 3 }

AAA%
. R 1
T Rl oach o
Termi R=file{DACT, "r_val"tOhm
Num=1
7250 COhm taAccessComponent
- File="res_std.dscr"
— pe=Discrete
- BlotR=
- Interphode=index Lookup

NOTE: iVarl always = 1 (index at first column).

However, iVall always starts at 0 (same as ADS data).

B res_std dscr - Notepad  [Hi[=] E3
File Edit Search Help

BEGIN DSCRDATA d
% INDEX r_uval

1 56

3o —
3 82
4 188

END DSCRDATA

-

i oz

The file must be in the DATA
directory and must be in correct
format. The circuit simulation
manual has information on file
formats such as DSCR..
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DAC Optimization: setup and results

File Edt Search Help

| GOAL I I NOMINAL OFTIMIZATION l B res_std.dscr - Notepad _[IIE] B3

pimGoall
Expr="ry_dbs11
SiminstanceMame="5F1"
Ilin=

Max=-33

IMexdters=
P=2

DesiredEmor=0.0

RangeVer{1]= StatusLeve
Rangahin[1]= SelBestValuas=yes
Rangahad1]=

meas] { SaveGoals=no
my_dbs11= do{S(1, 1H/ Goalame{1]=

Save values = no. Only the MeasEqn is
sent to the dataset with the final ivVall
which is 0 = 56 ohms which gives the
least reflection. Also, click Simulate >
Update Optimization Values to update
the iVal in the DAC.

BEGIN DSCRDATA ;I
% INDEX r_wal

56
68
82
188
HD DSCRDATA

T mELN

o H .z

freq my_dbs11 ivalt
1.000GHz -24.943 0.000

DataAccessComponent

DAC1

File="res_std.dscr"

Type=Discrete

Block=

InterpMode=Index Lookup
InterpDom=Rectangular

ivar1=1

iVal1=0.000000e+000 optf{ discrete Oto 3 by 1}

EXTRA NOTE: TDR Setup

| REFERENCE sLIDE ONLY |

After the class, you can use this slide as areference if you need it!

WMSub
I TRANSTENT I

| Find mismatches in time / distance |:>

TLIN is 360 degrees at 1 GHz =
known time-domain response used
as a reference.

MSUB

MSuh1 Tran

H=10.0 il Tranl

Er=8E StartTime=0 ns

Mur=1 StopTime=10 ns

Cond=1.0E+50 MaxTimeStep=0.01 ns
Hu=3.9e+034 mil TimeStepControl=Fixed

T=0 il Other= OutVar = "source_v"
TanD=0

Rough=0 mil

WAR
— WART
source_v=2%

WViStep pu R Hm TLIM
TDR_saurce il Reference_line
Wlow=0 " R=50 Ohm 7=50.0 Ohrn
Whigh=source_v t E=360
Delay=1 nsec F=1 GHz

Rise=0.01 nsec

MILIN R

DUT_line R_load
Subst="MSub1 R=50 Ghm
W=20 il

[=2000 mil =
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EXTRA NOTE: TDR Data DiSpId.l SEEEE = Gl 5E O

Eon BEEK I brw=0.35/0.1 -9
veluclty: 308/ sqri(EnN
B cistance_mtrs = trelocity = (indep(m2) - indep(m}) (2

= distance_mils= distance_mirs * (125/2.54)

R ive= 20* 1t 1 - hoy After the class, you can use this slide as a
qn EA = + -

7= reference if you need it!
F 0 =50
[ e [ =l | wiv |
B rho= (m3-ref s cref v ‘ ERER ‘ E=EI) ‘ wuuu‘
B ref_v=source_v[1)/ 2 )
. Results:
e "
-
005 2511213 T e mlsmatCh
- w delay time
T
3
- : ] y rho
BW
us ]
2 ] PSP R e VSWR
= Tl time, nzec .
m2 mtrs to mils
! tr|ﬂn119=2 G20nsec {‘/”333503””\?“
wl | Vin=1.600 A om
H H : : n

time, nszc

_VSWR
B VEWR = (1 + mag (tho)) /1 - mag (o)

EXTRA NOTE on LineCalc and Model Composer

After the class, you can use this slide as a REFERENCE SLIDE ONLY

Ccudniad Facdr

F_EM + 400
4708 - 86

I LineCalc is still available!

« Define the substrate
« Enter L & W to get electrical

« Enter electrical to get L & W

ALSO - New add-on for ADS 1.5: MODEL COMPOSER. Generate your own
"@"” passive library models (parameterized) for simulation. You get circuit
S simulation speed with EM simulation accuracy (Momentum) for microstrip
components - more types in the future!
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&% | What the lab is about ...
Lab 6:

Filters: E-Syn, Momentum,
Transient Simulation
and the DAC

2
) e

Steps in the Design Process

« Design the rf_sys behavioral model receiver
 Test conversion, budget gain, spectrum, etc.

« Start amp_1900 design — subckt parasitics

« Simulate amp DC conditions & bias network

» Simulate amp AC response - verify gain

» Test amp noise contributions — tune parameters
« Simulate amp S-parameter response

» Define amp matching topology and tune input

* Optimize the amp in & out matching networks

You are here: |:>. Filter design — lumped 200MHz LPF - use E-Syn

o

e Filter design — microstrip 1900 MHz BPF
e Transient and Momentum filter analysis
* Amp spectrum, delivered power, Zin - HB

» Test amp comp, distortion, two-tone, TOI
 CE basics for spectrum and baseband

« CE for amp_1900 with GSM source

* Replace amp and filters in rf_sys receiver

« Test conversion gain, NF, swept LO power
* Final CDMA system test CE with fancy DDS
« Co-simulation of behavioral system
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E-Syn - 200 MHz LPF design

DSF Fiter v i :
HDL Generator 3 ﬁ i E-Syn mix_lpf [_ O[]
DSP Synthesis v el 2] ‘* File Colculstion Swnthesis Oplions Display  Help
- A
1 LinsCalc » [~ 5 | e AN
alti]
z : @ | _]‘B [g]| ‘ 2] B JE P
13
|0 gt o Design Type  Lumped Fiter: Butterwarth Low-Pass (
UserCompied Model

Specification
Start E-Syn in the ADS
schematic window:

Input Temination: [y

A=
Tools > Start E-Syﬂ S e
LovwFass Elemerts Riople Min, Insetion Loss
[ fo1 4 [ @ |

Step 2: Set the Frequency ——
Specification and click: Select Type. ::>

E-Syn - 200 MHz LPF (continued)

Ctan 2° Calart tha Aacinn: T e, Response, and Band

Element Tyee: Responas Band
= Lusped & Fiver € Chetsshey & LowPasd
™ Distsbuted " Impadance Maich " Buiesworth  HighPas
© Singhy Temnated € Eligtx fER) © Bandpass
i cose | Atfirst, window will be blank.
Cowmnl__|| 5 Therefore, click the Synthesize
= = button to calculate topology &
~— component values as shown here.

: Synthesis

Networks QS of 2

. _ / Input Term: Resistive R = 50 Ohm =]
Step 4: Go back to E-Syn o iy
main menu and click the 2 St o Fresiivn B <50 Ohn
Synthesis icon: Save Nl

o

—
( Syntheslze) | Cancel | Heb |
~




E-Syn - 200 MHz LPF (continued)

: Synthesis

Networks: ||2—3 of 2

[<]

Input Term: Resistive B = 60 Ohm
CAP PG C=1641778 pF

IND' - 5E L = 45 E6348 nH

CAP PG C=16 41778 pF
(Output Term: Resistive B = 50 Ohm

O G D

Optimization..

Wpdate Wetwark

Save Netist.
]

Step 5: Select the Network you want to
use and then click Analysis.

Step 6: Set up the simulation and
Analyze. The results will appear in the
ADS Data Display window.

FrogencyBard [1 =
Fuguece [T Ta G5 Gk J Help
Step Trpe hp Sede EEEEEEEEE——

B o GH: I ]

complete
=2 EFa3 RIFPLES 1 ML)
Davsiond Rincudts
F weeonion W SPaaetes [ 2n o
| Reum Leas F Gopldy T Tst [ o

e [ == e |

TIr
i’"?‘

Result of design
(Butterworth) to be used
in Final simulation.

- -

Transient simulation of 1900 MHz BPF

Microstrip coupled line filter with substrate and VtSine source.

RsspORM -
vin g

SRC1 cunt

+— Mt
wes0Y Subst="MSu1" H=10.0rmil
Amgitugas1 vV [=1"1 Er=06
Freq=1500 Mz St NEIDT MI X
L Owmay=nnsec ‘W=3 5 mil e
= Damaing=0 S=11ami Cond=1.0E+50
Frae=0 L5148 mil Hu=3 Be+034 mil
SISTAN— T=0mil
mi TanD=0
Rough=0 ml
Va2
v
£ nl m2 1 [Refgimarker_val = indep (m2) - indep (m1)
& ] freqe1.0000H: =2 000GHz )
& | B2, 1 219 :;E:Jz.nba 202
1 Rl marker_freq = 1/ marker_val
n-a.uw N
; Also calculate delay:
{ Fa
v T 0 Ta o8 008 marker_val
Imedance = 34576 4. 218 ST72E-11

m TRANSIENT

Tran

Trani

StopTime=15/{ 1900e6)
MaxTimeStep=1/42"15"1900e6)

me
S5 fime=p 443nz0c]
y /in=GE38 I

f L iy Y
" [l bl
Poy  Fnest 355nsee i\ y

\l Dvnut=aii gen | |

WA
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Generate the Layout of 1900 MHz BPF

Remove controllers and Terms - insert Port connectors

Desig

Place Components From Scl

£l [ system.
File Edit

] filter_mom (Layout):4
Select Wiew Insert

M= B3

DesignGuide  Help

Dplions  Schematic Macro Verify Window

= = O s = T YT
[Block Text Fonts = I EZL‘.EJ"LM Use MOM menus

Mesh
Simulation

din? | 1503038 Optimization

A Post-Procassing

fonan | smooth

A HFSS

itailc_| standara

gothic | mathsym

i

sansbld

MOM: substrate, mesh, simulation

Substate Layers | Metalization Lagers |

| DOpen
Name: Di4_CLFilter!_fiter_mom_lay l% Save
Saveds
Select a subshate laper to edit OR define a new layer: Delete..
S Elams Thickness Substrats Gkl | Laper | Priniive | Prmiive Soed | Emil"ﬁiﬂyséhamhc
10 mil [Alurning Dl b e messh v o e enkios ciicuit ="
e Precompute.
BH11100 GND FAA0EE [ Pemitiiy [E1) Pemeab — [ gumma;
IHe, Loss Tangent j IHE, Loss Hurbe of Cele per Wavelengh  [3— -
Real Real fucFacelfrgle e 45 deg ][5
3 degrens
9E 1
Mach
i e Iy
——— Select 2 nuercy s e el 10 0 o dieire & e e - . . .
e . I | Compare to circuit S21.
Trem F atast ¥ ancp HptaSiep | femes i |
— @ : i
s - — Y lfreq=1790GHz
— T _ dBifiter_mom.5(2,1))=-4.388
Samgie Powts Lt o v 1
<
o [ —r— T I ]
c mz
Procens Mude Sk P Dia Dl g 1~ freqe1.790GHz
P T P T dBifilter_ckt5(2.1))=-1.938)
 Rachgourd L I S — |
o= Bome ]| [Frrris [
3 = _1| L | [ ]




MOM - calculate coupling effects

Use the same setup and add a rectangle:

Coupled Line Filter\

;" 1
I A —
| m1

v

mi
freq=2.053GHz
dB{filter_mom_trace_a S(2.1))=-54 892

..draw a trace in close proximity

Momentum simulation
shows resonance from
coupling.

OPTIONAL -

AR

S-PARAMETERS I D
SP1
Start=10 MHz -

Stop=200 MHz DataAccessComponent 12e7 200 60

Step=10 MHz DACT

"= File="Z_DAC.mdf"

MNum=1
=1 Z=50 Ohm

InterpMode=Linear

iVar1t="my_freq"
Z1P_Egn iVall=freq
Z1P1

Z[1,1]=file{DAC1, "my_2"}

mi

ffreg=100.0MHz
limag(Z(1,1))=40.000

After setting S-parameter
controller to calculate Z,
results show results.

Term1 / Type=Generalized Multi-dimensional Data

DAC exercise

Write the file

FEile Edit Search Help

BEGIN my DATA
% my_freq{real) my_z({complex)
18e6 18 28
18e7 18 48

28e7 480 2088
END

InterpDom=Rectangular

freq. MHz
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Topic 7:

=i =

Harmonic Balance Simulation

Analyze circuits with Linear and
Non-linear components:

* You define the tones, harmonics, and power levels

* You get the spectrum: Amplitude vs. Frequency

« Data can be transformed to time domain (ts function)
* Solutions use Newton-Raphson technique

* Krylov subspace method also available (large circuits)
» Use only Frequency domain sources

« Similar to Spectrum Analyzer

=
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Harmonic Balance Simulation Flow Chart

Start =)

Sample Points
Number of Harmonics
Simulation Frequency

always done
Error Tolerance

DC analysis =

Linear Components

I ], Nonlinear Components

Measure Linear
Circuit Currents

in the Frequency-Domain

Measure Nonlinear
Circuit Voltages
in the Frequency-Domain

|

« Inverse Fourier Transform: Nonlinear Voltage
Now in the Time Domain

« Calculate Nonlinear Currents

« Fourier Transform: Nonlinear Currents
Now back in the Frequency Domain

l

_Av_

AN

Test: Error > Tolerance: if yes, modify & recalculate

if no, then STO P=correct answer.

Kirchoff's Law
satisfied!

Example Circuit: First and Last Iterations

Start in the
Frequency Domain

IR
Icx ILS ID

Calculate currents Convert: ts ->fs

| =

[+

Initial Estimate:
spectral voltage

ifd uLJhulmilm:

Last Estimate
with least error

[Y-port (Momentum file)

Test uses
(Kirchoff's law):

If | error is not
near zero, then
iterate again.

If within
tolerance
LYYV

then |V Final
—| Solution

NOTE: Try building the circuit, simulate, and write an equation to sum the currents.
The IY-port could be S-parameter data from Momentum or other NWA data. :>
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Basic 1 Tone HB simulation setup

Basic HB controller and source setup gives you spectral tones:

A @
options fan! | HARMONIC EALANCE Cin HAME
% HarmonicBalance
FrmSwp HE1 in Vin = ut
Freg[1]=1900 MHz P_1Tone
Haizston Order{1]=3 \ PORT!
= i T 2e500mm -
03oPrt2 Freq[1] is the Pedbrtow(-40) 1
fundamental tone you = Freq=1300 MHz \ -
want HB to calculate. ~ LU
Freq[1] must match a  Order [1] =3means HB 1 ' Eeq:teOOGHz 4
L] e i (e Elireut o calculates 3 harmonics ] Bmivout)=-4.87
= . of Freq [1] 0]
you get a warning ]
]
| message. . . . 4
1 2 3 a 5 3
Numerous built- = HB gives you a Mix table: I\ —
H basic = freq Vout Mix
in sources and o= 0.0000 Hz 0.00070.000 0
1.900GHz 0.180/-14.199 1
measu rement 3.800GHz |  0.001/-170.939 2
equations. 5700GHz | 1.963E-5/46.135 3
2] |

Swept variables in Harmonic Balance

HB Freq tab: specify 1) Initialize the VAR to sweep.
tones (Freq), 2) Specify the variable and range.
harmonics (Order), and
mixing products (Max Order). ; W] VAR
o { ) |30 | Harmonic BaLance | VaRa
Haemwrne Blabancs Inslancs Nasa RF =40
HarmonicBalance =
= — — HE1
1 | o P | | T Freal1]=1900 MHz
Order[1]=3 )
SweepVar="RF_pwr" ' 7 P_1Tone
et Faueneses Start=-50 PORT1
HMpstemerden [T Stop=-20 Mum=1
Ed Freq  Sweep | Par Step=1 Z=50 Ohm
Frequency v Other= P=dbmtow(RF_pwr)
[0 e =] | E— | = Freg=1800 MHz
- Selnct
Fi Fracquency Disdler
- Parameler o sweep [T 3) Be sure the VAR, the
I Parameter swesp——————————— source, and simulation
| SweepTope  [Lincar - controller all have the

+ Stat/Stop ¢ Center/Span

Stat |
5t [m =
I Smabugal [ Moewarose [ Os * 2 Nane

CE |
Lok | e | [Ccel| || Mumofpts [5—

I~ Use sweep plan ¥

same information.

NOTE: Swept variables
always go to the dataset.
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Other settings (tabs) in Harmonic Balance

Params

Freq | Sweep Params | Smalsig | Noisel1]

Budget
’;- Pertarrn Budget simulatior

Lewvels

(Statuslevel L

Device operating point IevelT

’}? None " Brief  fetailed

T ¢

’7 Oversample |1— More

Convergence

’7 Max. Iterations lT
™ Restart

Initial Guess

’]_Use\mtla\ﬁuess File l_

Final Salution

’]_erleFlnaISulutlon File l_

ADS 1.5: Save (final solution)
and re-use (initial guess).
HB binary data file.

| L]

NOTE Oversample: Set status level to 4, see
number of samples for non-linears. Then set
oversample for convergence or more accuracy.

Nestinglevef [z p 0 | Sweep| Params | Gmal-sig Noise(1) | 4]

- Noise fiequen

Swesp Typs

Linear =

@ Stat/Stop ' Center/Span

Start I m
Sepsie oo = ‘
Humolpls 7|

=

™ Use sweep plan ¥

Input frequency
Noise input pert

Moise output port

I | = Fil roise (52, arily)

naisetreq Nane ™

—
E—

I smabsianaC Ev Nonlnear naise_L> seilaior

Params | SmalSig | Noisef1) Meke(2] | Naisel « |+

Mades fot naise parameter calculation

Select

Noise

1
Add

Noise

(1 and 2)

Cut Fasie
contributors
ode

Dynamic range to display

Edit

[\out -

use Noise Controller

l—'dB

Heise{7) | MpiseCora Qic |K.w~|niqm|ﬂ_l
Osc

Use with Oscport

| [

[¥ Include part nois= in hade naise vakages

I~ Calculate noisy two-port parameters

¥ Use all smallsignal fiequencies

N | T

I Smalsignal

¥ Norlinear noise

™ Oscilstor

Related harmonic balance controllers ...

[@] Harmonc Bacance ]

HarmanicBalance
HE1

Freg[1]=1.0 GHz
Order[11=3

LEsP

HB3

Freg[1]=1.0 GHz
Order[11=3
LSSP_FregatPort1]=

Transform HB spectrum into the time

domain with ts function: ts(\VVout).

}Il' TR
|

|

T
JWH“ \f!'l_

_"

T

LSSP1..S(2,1)

— 010
E |
7 [
“] | s
£ 43t
L A B B B B
Tnpul_pwr
000
_— 000

|@| GAIN COMPRESSION I

XDB

HE4
Freg[1]=1.0 GHz
Crder[1]=:
GC_oB=1
GC_InputPort=1
GC_OutputPort=2
GC_InputFreg=1.0 GHz

GC_OutputFren=1.0 GHz

GC_InputPoveer Tol=1e-3

GC_OutputPovwerTol=1e-3

GC_MaxinputPower=100

©000 U L =
o
I3
=

99
-2:33  Calculated S-params
for harmonics.

XDB simulation results: 1 dB compression

inpwr(1]

outpwr(1]

-31.251

-21.268

You will use HB and XDB in the lab!

75



Types of Power Sources for HB

Default power function for these sources is polar,

but you can simplify it on the screen as: dmbtow(0)
Therefore, dbmtow(0) is the same as polar(dbmtow(0),0)

P_1Tone

PORT1

Num=1

Z=50 Ohm
P=polar{dbmtow(0),0)
Freq=1 GHz

PORT2

Num=2

Z=50 Ohm

Freq[1]=1 GHz
P[1]=polar(dbmtow(0),0)

@ P_nTone

Notice that these sources are also
ports (OK for S-param analysis).

Also, they can be considered
noiseless like sources in a
measurement system.

P_nHarm P_nTone and P_nHarm
PORT3 can have multiple Fregs
Num=3 and Power.

Z=50 Ohm

Freq=1 GHz

P[1]=polar(dbmtow(0),0)

Example: HB simulation setup for mixer

Mixer example:

Freqg [1] fundamental tone (most power: LO for mixer) | @
Freq [2] fundamental tone (RF for mixer)

Order [1] number of harmonics for Freq [1]: LO.
Order [2] number of harmonics for Freq [2]: RF.
MaxOrder = mixing products, depends on Order|n]. Freq[1]=LO_freq RF_freq=1500 Mz
NOTE: Here if MaxOrder = 9, you won't get 9th order product
because Order[1] and [2] only go up to the 8th order.

Other settings: for status info, noise,
and Krylov simulator (used in lab).

PORT3

Mum=3

Z=50 Ohm
=t P=dbmiow{LO_pwr)
—— Freg=L0_freq

22 P_1Tone
RF_source
MNum=1

with swept LO power

HARMONIC BALANCE

HarmonicBalance

HBA1 !
MaxOrder=8 iber_vars

LO_freq=1800 MHz
Freq[2]=RF_freq LO_pwr=-40
Order[1]=5 R
Order[2]=3

StatusLevel=4
NLMNoiseMode=yes
FreqForNoise=100 MHz
UseKrylov=yes

SweepVar="LO_pwr" LO_pwr goes to

Start=-30 the dataset
Stop=10 automatically.
Step=1

Do not do this: Freq =LO_freq MHz
or MHz units will multiply.

Freq=RF_freq

To get any other VAR to the dataset
(RF_pwr) requires using this syntax:

OutVar =“variable name”

Other=0utVar = "RF _pwr"
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Example data: use mix function on Mix table

DC term=0. Freq, harmonics [order], and products [max order] are indexed:

Mixer example: Max order=8 1 yat gBm of IF (100 MHzZ) at Vout,

LO order=5 RF order=3 the mix f tion:
o o W RE use the unction:
d Mix(T) MixZ) 5] MeasEan
?0%082’1 HZ | ? (1) IF_100MHz_output
. 1z - = i z
200.0MHz > 2 dbm_out=dBm (mix(Vout,{-1,1}))
?05%322: i g Arguments in parentheses ( ) and curly
]ggggng g :f braces {generate the matrix }, required
1.800GHz 1 0| for Mix table.
1.900GHz 0 1
2.000GHz -1 2
2.100GHz 2 3
3.300GHz 5 -3]— 8th order term uses +5th & -3th, but not:
LO: Freq[1]=1800 MHz RF: Freq[2]=1900 MHz -3th & +5th (+5th of RF does not exist).

QUIZ: Can you use this equation dBm(Vout[1]) for this data? Is it valid?

Answer: YES - if no other dependencies exist - it's the same as: dBm(mix(Vout,{-1,1}))

Harmonic Balance convergence & errors

Freq [x] in each source must match Freq [x] in the

controller or you get this message:

# § hpeesofsim 73704:3 [_[O]x]
File  Simulation/Synthesis  Window

Sinulation / Synthesis Hessages

Varning detected by HPEESOFSIM during HE analysis “HEL' :
For source 'SRC2'. (1 = freq[1])=2e+008 Hz is 1e+006 Hz NOISE TEMP error for all noise
away from the clossst analysis frequency at 1.99s+008 Hz ; ; . —
W) My, (e CHAememED fur croloefe Gars ot 4 simulations: Set Temp=16.85 to
This spectral component is turned off for this simulation. eliminate any error message
« | |

Status / Summary

- ; ’ ; OPTIONS controller is in all
Simulator will try to find closest answer, if not simulation palettes

it will continue with all remaining valid points. Lt
OPTIONS

: -

Options
HB convergence error message: Options1
“ . » Temp=25
cannot sweep to Qeswed level TopologyCheckeyes
or “arc length continuation error” V_RelTol=1e-6
To solve these problems, either loosen the V and | v pbsTorte 1z
tolerances in the options controller by ten times (for I_AbsTol=1e-12

example, set: |_AbsTol= e-11), or reduce the step size GiveAllNarnings=yes
p — ) p / MaxWarnings=10
for power or frequency sweeps.
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TIP about “quotes”, brackets, braces, etc.

QUOTES:
« Only when editing on the screen for string value parameters, if necessary.
« When in doubt, double click and use the dialog boxes.

5| HARMONIC BALANCE I Exceptions - Swept variables are always in quotes and
controller names (“HB1") in opt goals.
e In dialog only: @ stops quotes when not needed.
Freq[1]=RF_freq e ‘ ) i
Order{1]=4 RF_pwr=- 40 Parameter to sweep ’@xi
Sweep\ar="RF_pwr* RF_freq=1300 MHz

If you see 2 quotes “"X™, remove one set!

Parentheses, Brackets, Curly braces:

Double colon is a
(parentheses for function arguments) wildcard in ADS:

[brackets for one, two, or three dimensional datal:
{curly braces for vectors and the mix function}:

Examples: dBm(Vout [1]) dBm(mix(Vout,{-1,1})) mag(Vout [1:: 6]

&% | What the lab is about ...

Lab 7:

Harmonic Balance Simulations
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Steps in the Design Process

« Design the rf_sys behavioral model receiver
 Test conversion, budget gain, spectrum, etc.
« Start amp_1900 design — subckt parasitics

« Simulate amp DC conditions & bias network

£ » Simulate amp AC response - verify gain
i « Test amp noise contributions — tune parameters
J ] « Simulate amp S-parameter response

» Define amp matching topology and tune input
* Optimize the amp in & out matching networks
« Filter design — lumped 200MHz LPF - use E-Syn
« Filter design — microstrip 1900 MHz BPF

» Transient and Momentum filter analysis

You are here: |:>- Amp spectrum, delivered power, Zin - HB

» Test amp comp, distortion, two-tone, TOI

 CE basics for spectrum and baseband

« CE for amp_1900 with GSM source

* Replace amp and filters in rf_sys receiver

« Test conversion gain, NF, swept LO power

* Final CDMA system test CE with fancy DDS
e Co-simulation of behavioral system

First, HB for spectrum and Meas Eqn

VAR

IF Ve
i | HARMONIC BALANCE R Vhias=5 v th
fala
Ec'au o T sre2 Sgectrum
:;mru‘,ﬂal:n:c — - Vile=Vbias .
Freq[1]=1900 MHz :‘E‘DTJIJIJ — ) 'J'e'q.‘ 200GH:
Order{1]=3 * Rs H BBmivout)—4.878
o Bl L_rnatch_out £ |
N I[';'_'"‘f":l"” L=27.1 nH = |
DC_Feedi R=6 Ohm A N L]
OC_Biockl Y L=120H ] HI
C=10 pf R VEJve 2 5 vq, Gz
v 31 hijt_pkgy L
MinVin L AT e e o y I NT.ITI‘—:‘?
; ) [ beta=180 § ¢ match_aut 7250 Ohen =
POR L=igank | Cmatchn =C=0.22pF =
= R=12 Ohm 1 C=035pF =
P=dbrmiow-40) =
Freq=1900 MH; MeasEqn
. schematic_equation
Equation uses Vout[1] dbm_out=dBm (Vout[1])
Dataset values = o o /
000070000 9
i - 0.180/-14,199 1
Dataset contains nOde 3.800GHz 0.001/-170.939 2
V0|tages and M|X table 5.700GHz 1.963E-5/46.135 3

79



Next, simulate Power Delivered and Zin

._;.'::"' Rename the probe: |_in

Probe Components palette o
|_PROBE
Probe Components

"_"“E_”‘ ié‘ S Data display equations
o e A e calculate power using voltage
1 L Pt | Vin and current I_in.

NOTE for Oscillator testing: Use

OscTest to determine if oscillation
exists (S-param). Use OscPort to P_del_dBm = 10%log (0.5"real (Vin[1]*conj(l_in.i[1])) )+30
determine the frequency of

NOTE: 0.5 is for 1/2 peak value and

oscillation (HB). See examples! +30 give dBm (ref to 0.001 W)
o 75
Z_|_n IS Cglculated at 1900 MHz Bz in = Vin{1] 1 LLin.i[1) 1761970689
which is index value [1]. Also,
ni I dBm{Vin[1].2_in) dBm(Vin[1]) P_del_dB
Z_in is used in dBm argument L oL L e

instead of default of 50. ———

HB Phase, ts, and Gain Compression

Use ts function on HB data at device nodes

A Verify inversion of signal: E '/\//.,\\_/

I~

00 02 04 06 08 10 12|

time, rsec

2 ways to simulate gain compression XDB and HB with swept power:

[@ ]| oancomeression | |§3§| HARMONIC BALANCE |

He2 HarmonicBalance
Freq[1]=1900 MHz Gain Compression at 1900 MHz HBA1
Order{1}=3 - Freq[1]=1900 MHz
S :> e | s Pl
GC_inputPort=1 -30. ) > .
GC_OutputPort=2 ;ﬁe__i’:g'_ RF_pwr
GC_InputFreq=1300 MHz =
GC_OutputFreg=1900 MHz Stop=-20

Step=1
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HB swept power compression data

M dB_gain = hb_comp..dbm_out - hb_comp. RF_pwr

Plot_vs function

¥
nd Delta=-20.000)

| Plot_vs(dB_gain,hb_comp..dbm_out) |

[dep Delta=1.092
Jelta mode ON

aE_gain
¥ ¥ ¥ OB H ¥ OB

== L L
indepimS)=-30.000
plot ve[dE _gan, hb_comp RE_perj=33 357

.0

&
g
|

n

3

mé

ndep(mB)=3.252
plot_vs(dB_gain hb_comp..dbm_out)=33.252

Creating a line: nonlinear to linear

@Iine = hb_comp..RF_pwr + dB_gain [0]

ine
hb_comp..dbm_out

Simulating closely spaced tones...

| AMPS use 2 tones, such as RF +/- spacing (VAR) |

RF; - SPACING

=]

| RF, - SPACING | T

T
dreq=1.905GHz

t
) - T J Freq[1]
dBm (mix (Vout tones) ) =-5.00,

1| re, +spacinG |

RF, +SPACING

Lab setup and data

£ —
2
Eeq=1 15GHz Freq[2]
Bm (mix {Vout tones) § =-46 835
1

12 || o " If e ||I[2, -1 | Mix table

OB OB OE B OE 8 %3 % & 8

Mixer is 3 tones ~LO. RF,
-LO, 2RF,-RF,
IF
. -LO, 3RF,-2RF,
Mix index [tone 1, tone 2, tone 3]: [-1,1,0] [-1,2,-1] [-1,1,-2]
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Two-tone HB simulation apd data ., -

|| HARMoNIC BaLaNCE | (] e 1.895 and 1.905 GHz
s Vbias=5 V _
N Oaer RF_freq=1800 MHz . '*l
Freq1]=RF_freq + spacing / 2 RF_pwr=-40 S RS T
Freq[2|=RF_freq - spacing/ 2 spacing=10 MHz a8 (mee (Vout tanes) ) =5.002
Order{1}=4 a-{ m2

Freq[1]=RF_freq + spacing / 2 .

Freq[2]=RF_freq - spacing / 2 T I

Pl1]=dbmtow(RF_pwr) T RN Tt
P{2]=dbmitow{ RF_pwr)

O 4 P_nTone :
terlR i RF_source . |
Nume=1 g‘z =1.615GHz
Z=50 Ohm [§en s ok tones) ) =45 835

Elones=[(1,01,{0,11{2-11{1,-21]
[ S [ e [ o s— | |

Use [ brackets to generate a T';m -

matrix ] and { curly braces to || s faee e

vector the data from Mix table} | ElE Gl Foae Trace Expression
Ao B Lnes Scatm Specns Matogem Dot Sanled |dBm [rnix [Yout tones) )

TOI or IP3 Measurement

When the input power drives the non-linear device into saturation or
distortion, third order products near the desired frequency can
become large. The point at which 3rd order products intercept the
linear rise in output power is the intercept point TOI or IP3.

10
TOI i A measurement
0 \;.‘ equation is
K
Linear Output o used to get the answer...
of fund@Bm) | ,o*" &
Output  -10 slope =1 / L Lab setup and data
Power 3rd order
dBm y intermod product
( ) -20 QQ ? (dBm) at Vout
6‘\\.\. QY slope = 3.
)
--30 §

NOTE for mixer 3 tones use:
40 -30 -20 -10 0 10 20 mix{-1,1,0}

Input Power (dBm) mix {-1, 2, -1}




Built-in measuremehR 3@ ndiGIk S ] Eeach: 1 ]
ou set the arguments. 1.306GHz ! b
P2 9 1 B14GH? z -1
= |ﬁ| HARMONIC BALANCE I =
ipo_upper :Iarm_?niuﬂa\ance \%’:E\L:EV
upper_toi=ip3_outiVout.{1.01{2-1150) yadris RF_frag=1900 MHz
Freal1]=RF_ireq + spacing/ 2 (/9¢ e
FreqlZI=RF_ireq - spacingi 2 R EPRREEDGRE
, Order{1]=4 RC
OrderZ=¢ R=500 Ghm .._tcc
SweepVar= =Vv_DC
Start= L -] SRC2
Flout Stap= DC_Feed2 Vde=Vhias
ipo_lower Step= =120 nH L
lower_toi=ip3_out{Vout {0,1}.{-1,2}.50) L_match_out =
DC_Block2 L=271nH
C=10pF R=6 Ohm

L o
L_match_in

L=18.3nH gfﬁ?f;m
R=12 0hm

31 bit_pkg
7T

= af Num=2
: \ﬁ';m"e _l_ VB v hata:‘\EDI Z=50 Ohm
i nRF_source c C_mateh_out
Mum=1 C_match_in = rCnreE
%:;%?FQF freq + spacing | 2 Sy R It of IP3
HEA T+ FealzRriteq- spacing ! 2 - esulto eqns
MaxQrder=10 = Pli=dbmiow(RF_mwn = in DDS:
Freql1]=L0_freq P2l=dbmtow(RF_pw) . -
Freq[2]=RF_freq +f_spacing /2 lower_9 tpper 1ol
Freq[3]=RF_freq - [_spacing / 2 1er 1o
Crder[1]=7
o NOTE: Mixers use this setup for 3 tone TOI.

Compare swept values to values in the TOl measurement range:

OPTIONAL

: Sweep RF pwr vs TOI

Swept values used for IP3

|ﬁ| HARMONIC BALANCE I

HarmonicBalance

Twio_Tone Region 1:3 for mi 1
MaxOrder=8 IP3 calculation. RF_pwr=-38.000
Freq[1]=RF_freq + spacing / 2 my_toi=15.841 |
Freq[2)=RF _freq - spacing/ 2 1 1
Crder[1]=4 b 16
Order{2]=4 Foe
SweepVar="RF_pwr" )
Star=-435 12
Stop=-30 0]
Step=1 /
7 T T
5 ] 42 &
RF_pr,

my_toi = ip3_out(Vout,{1,0},{2,-1},50)

The Egn, my_toi, is on the right Y axis.

When RF_pwr is greater than 39dBm, RF and third
order slopes are no longer 1:3, so IP3 Eqgn
becomes invalid.
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Topic 8:

What is Circuit Envelope ?

» Time samples the modulation envelope (not carrier)

* Compute the spectrum at each time sample
* Output a time-varying spectrum

« Use equations on the data

 Faster than HB or Spice in many cases

* Integrates with System Simulation & HP Ptolemy

1=t

(L]

1_1

[tefiet]

—>
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Use realistic Signals with CE

GSM, CDMA, GMSK, pi/4ADQPSK, QPSK, etc.

40 kHz BW

Simulations include: for NADC

- Adjacent Channel Power Ratio

- Noise Power Ratio

- Error Vector Magnitude N

- Power Added Efficiency oo

- Bit Error Rate ‘ Mol
2-tone tests_ and _Imearlze_d models_ 890 MHz
do not predict this behavior as easily! .

carrier

Circuit Envelope Technology:

Circuit [—® Vout  Time sample the

envelope and then

1 V(t) * @ j2n fot |:>

performs Harmonic
Balance on the

Modulation samples!

|
Periodic input signal |

| NOTE: V(t) can be complex - am or fm or pm

85



...more on CE Technology

Captures time and frequency impairments:

Amplitude & Aéqﬁ Aéqf)

dBm (fs (Vout))

Freg

Time

fo = Amplitude vs. Time
s Phase vs. Time
Time e Frequency (d¢/87) vs.
Time
s Harmonics ws. Time

s Spectral regrowth
o Mixer intermods
* Phase noise

CE example: AMP with RF pulse

ONE TONE

5% | ENVELOPE l _ | EE— YN
n )m : Vin L/ Vout Vout é] '1

Envelope ;:;r;;hm —— R=50 Oh

Erwv1 = P=dbmigi0) b 1
Freq[1]=800 MHz = Feosk: S11dopiar 500) -
Order[1]=1 Delay=1 nsec gfg;gb""aﬁ 50.0)

Stop=50 nsec IS

Step=1 nsec e ot You will do this in the lab!

Step time is critical for sampling the envelope: rise, fall, and modulation rate.
Therefore, Step (sample time) is NOT the same as Transient.

*mag of Vin [1]: envelope
* ts of Vout: signal T3
» mag of Vout [1]: envelope

il |||| ”“

...where [1] is the carrier Freq[1]. 5 4

T
S & M0 18 20 M W M b 44 &

time, nsec
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Env Setup tab in dialog

(Reference slide for one tone with 3 harmonics)

Stop time T
- Determines resolution bandwidth of output spectrum Sy
- Large enough to resolve spectral components of iNterest s | rum| s | sassial o] oo L
Tmes
. Step lime: [ioa [raee =
Time step _ _ o _ _ o = &
- Determines bandwidth of Circuit Envelope simulation e

- Small enough to capture highest modulation frequency

Stop
Time
T e

A
Resolution BW — [[+—

ENV Steup tab (continued)

(Reference slide for multiple tones: mixer)

7 Harmonics of Fundamental: Freq [1]
3 Harmonics of Fundamental: Freq [2]

Circuat Envabipe:1 E
Envelope Instance Name
[Eret

. Enw Sehup | Ery Parama | HE Par Smal Sig | Nofel(1]| Honef, Z_I_' E
Harmonic Balance I e

. N\NIRE
\

t1t> \

t3t\

4

- Vimae
Stop bme [1o0 [nec =]
Tmestep [T faeee =]
- Fundamental Frequencies
Masimum nedes [y
Ed

Ferquency

| — T

e
3

2 (O] “ow | e |
©
™ Small-signal [ Honlinear noise
Multiple tone simulation requires more data x| Cancet | Hew |

display
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What the lab is about ...

Lab 8:

Circuit Envelope Simulations

@
H

Steps in the Design Process

« Design the rf_sys behavioral model receiver
 Test conversion, budget gain, spectrum, etc.

« Start amp_1900 design — subckt parasitics

« Simulate amp DC conditions & bias network

» Simulate amp AC response - verify gain

» Test amp noise contributions — tune parameters
« Simulate amp S-parameter response

|
i)

You are here:

@ » Define amp matching topology and tune input

* Optimize the amp in & out matching networks

« Filter design — lumped 200MHz LPF - use E-Syn
« Filter design — microstrip 1900 MHz BPF
 Transient and Momentum filter analysis
* Amp spectrum, delivered power, Zin - HB
» Test amp comp, distortion, two-tone, TOI

CE basics for spectrum and baseband

e CE for amp 1900 with GSM source

* Replace amp and filters in rf_sys receiver

« Test conversion gain, NF, swept LO power
 Final CDMA system test CE with fancy DDS
« Co-simulation of behavioral system
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First, simulate an RF pulse

Use a behavioral amp and different time steps:

™~

n ¢ -
PORT!
Hum=1 —_
Z=50 Qhm oSS
AMPL
~ F=dirmo0) o
L Freq=900 MHz 521=dbpalar{10,0) =

CHRabo=0

Delay=1 nsee
Rise=5 nsec
Fal=10 nsec

Vin V Voul Voul
R

e

St 1=dbpalar(-50,0)
ST2=dbpalar(-50,00
&13

S12=0

Whdth=30 nsec
Period=100 nsec

Add distortion: get odd harmonics out-of-phase!

.il Ilh\\nl||"\|”H“I\||'“IH”H||II"‘

1

m2
ime=0.0000 sec ime=3 000nsec
ag(Vout[1])=0.000

mag(Vout{1])=0.701

time. nEs:

Next, phase distortion bits (baseband)

Yim & Ema e i m Ftl_DemodTuned |
FM_DemaodTuned DEMOD2 |
DEMOD1 Sensitivity=1 KHz |
Sensitivity=1 KHz Friom=300 MHZ L MAAs A v Lbba Abits i aaan 1
Fnom=900 MHz Rout=50 Ohm i oo oo
Rout=50 Chn |

Yin | Vout Yout g
R1
. Amplifier IREED @it
b i 4 t AMP1
its ou - Vime, use
PHRE CEh S21=dopolan(10,0) d
= SReo S11=dbpolar(-50,0) . B
* 522=dbpalar(-50.0) =2 Look at the bit stream:
FO0=500 MHz 219=0 =
DL T GanCompRower= bits_out node and Vout.

DataRate=270 833 KHz
InitBits="001101010010"

GainComp=1 dB

L"'pm,. %Iot the GSM BW spectrum with windowing.

After simulating the response of
the amplifier, insert a filter at Vin to
alter the phase response.

—
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GSM source on your amp_1900

Simulation with

variables set t_step =

VAR

Vhias=5 Vee Sl 1/ (5X BW of GSM)
e = Freg[1)=RF_freg e e e
e s Order(1)=5 N
sty 5 <k 1= 5 - !
t step=1 /(5 * 270 833 KHr) R=580 Chm Stop=t_stop rﬂ Wi
t_stop=700 us -‘SlL'p—l_';"-J_'iJ ] ¥
i D _Feed? AL
PIRF_(38] L=120 nH A
SRC4 - !
o ol R; C Black? t:??ml‘:hl Iom = A I
Fuvwer=dbmbaw(HE_er) cj-—'m 2 L ni PP PR PR P R A P g
Hout=50 Chm = - 2 i (i -
DrataRate=270.033 KHz DC_Elockl : = Bavetan and ouf (phave devial .
InisBits="001101010010° C=10 pF cjve J_ Vout [ =
Vin L VBB a e toles £
L_rmatch_in - beta=160 C Term? | H
= 1 ; * rralc] MNurn=2§
; L=18.3nH . C_rmatch_oub | t g
i i C_match_in = =022 oF rii e p— m =1
R=12 Ohm =095 pF u flon 8
= bits_out
imes 1ty

Verify baseband integrity using an equation
that is like a demodulator:

[Zelglbaseband=diff ( unwrap ( phase ( Vout[1]) )/360)

Optional - channel power calculation

On a new page in DDS, write two equations:
limits defines the bandwidth and
channel_pwr calculates power in the channel.

Bllimits= {-(270KHz / 2), (270KHz / 2)}

mmannel_pwrﬂO*Iog(channel_power_vr ( Vout[1], 50, limits, "Kaiser"))+30

channel_pwr

é c -4 886
Feea{]=FF_freq

No need to resimulate, simply use
Vout[1] which is 1900 MHz!
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Topic 9:

Final Circuit / System
Simulation and Co-

Simulation

22
) e

What is the final topic in this class?

 Simulation of your amp_1900
and filters in the receiver system
to verify analog performance.

Gain (S-21), HB with swept LO, and CE with a CDMA source

The co-simulation is optional if you have time - otherwise, take the CommSys class.

» Co-simulation: simulation of the
entire system using digital circuits e
and analog circuits together. N

Constellation, spectrum, etc...

A little on co-simulation before starting the lab... |:>
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What is a co-simulation?

It is your amp_1900 and filters in the receiver system at the bottom level.
On the top level is a Data Flow simulation.

Co-simulation is digital & RF/analog circuits simulating together.

This is your rf_system
with amp_1900.

Man can not live by
DSP alone

Agilent Ptolemy: a bridge
between DSP and RF/Analog

worlds

FupeatTes

What is Ptolemy ?

Agilent Ptolemy is a Timed Synchronous Data Flow Simulator

« TSDF is a unique Agilent EEsof Innovation
« Agilent Ptolemy adds timed elements

- parameters on signals are t, |, Q, Fc (rf carrie & key advantage

forreal world

* Benefits:
- easy to add real RF effects on signals
- more efficient simulations
- more accurate modeling of RF effects

mixed signal design
(DSP / analog / RF)

Agilent Ptolemy is the data flow

simulator used in the DSP I:>

schematic window...
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What is Data Flow?

¢ Dataflow is ....
=Each arc has FIFOs
- A node maps input tokens onto output tokens
= A set of firing rules specify when a node runs
— A firing consumes input tokens and produces

output tokens
P Tokens (like current or numbers)

/ Token "A
NODE k NODE
(or component) / (or component)

{5
arc

(like a wire)

Tokens can also be “time stamped” - then they become samples.
Now you can simulate time and frequency domain impairments
such as multi-path and fading ... |:>

What is Co-simulation?

« Integrated Circuit, System Simulation & HP Ptolemy

Co-simulation is simulating an A/RF schematic
design with a DSP schematic design.

Top Level System Design:

DSP A/RF DSP
—>|
network network network

The simulator in the A/RF
design must use either Transient
or Circuit Envelope

DSP Schematic Window

The A/RF schematic can be any kind :
of design: amplifier, mixer, PLL, etc...
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The DSP components library...

Many palette selections and additional libraries:

i Compnnent Library/S chematie: 12

Fle Ede View Opions Toolt Heo

Common Components
Antennas & Propagation fronsd

&
CDMA CELP Codecs Bits oF

EHEERELEEEE R

CDMA Channel Codecs @ — Compone
CDMA Receivers 155 Bhha =1 T T . -
1 DMA Test (g || (T Insinumerts WETMA_fmpDliirks Amplde Distibutos
Intetactin ol | -
CDMA Transmission * :.:.:m o el snSTNRS WEDM?, Enfoner FomMMSE e Sy
JCircuit Cosimulation Forkz B[ Fork T Dhacietn WCDMA_MMSE  Weight Conrol Using LMS
Controllers L _,®, Signal Converters WEDMA_MMSEfa LMS for Power Control
i Sinds WETMA_Paihimay 2 Pah Adspiivn A,
DTV Channel Coding Gain | Mpy2 b Tinad = o 2
DTY DVB-T &) * oo WCDMA_IMT 200001 M1 -2000 Charresl
DTV ISDB-T iow D T edmal WEDMA_UseDielne Channel wit Liser Paramete
iplex ity WICTIMA,_CT Crvocluticeal Enendes fo's
Sinks] 'M [db| b wslh WLDMP,_IrlDentedhe Dewitssbeav of Inoes Code
t fiowp | Snfen | ﬂ WCDMA,Inirssriesw Dsintedeaver of Innel Code e
Evh| | HEE @* i
Mumeric UpSmpl | Wanfrm al | »
jOeisi Mede Diowie [DSP Librau: Licented.s DA T

T
E
]

b

g
s

The use of these tools
and also in part of the
class, it is only briefly

&

5
E

ﬁ
ﬁ

Ed
2!
Z|
&l

is covered in the DSP course
CommSys course. In this
introduced!

Final System

&% | What the lab is about ...

Lab 9:

Simulation using:

amp_1900 and filters

g
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Steps in the Design Process

You are here: |:>

« Design the rf_sys behavioral model receiver
 Test conversion, budget gain, spectrum, etc.

« Start amp_1900 design — subckt parasitics

« Simulate amp DC conditions & bias network

» Simulate amp AC response - verify gain

« Test amp noise contributions — tune parameters
« Simulate amp S-parameter response

» Define amp matching topology and tune input

* Optimize the amp in & out matching networks

« Filter design — lumped 200MHz LPF use E-Syn
« Filter design — microstrip 1900 MHz BPF

» Transient and Momentum filter analysis

* Amp spectrum, delivered power, Zin - HB

» Test amp comp, distortion, two-tone, TOI

¢ CE basics for spectrum and baseband

¢ CE for amp 1900 with GSM source

» Replace amp and filters in rf_sys receiver

« Test conversion gain, NF, swept LO power

* Final CDMA system test CE with fancy DDS
e Co-simulation of behavioral system

First, system

setup with S-params

Descipiin Setup sub-circuit using: File > Design Parameters
e

EMP_1500

Comporent Instarce Hame
FOTRET]

|||_—'_-I-|'—;‘-

Symted Hame .
|S-" Amplfier - “h R durrbaks T
. spatern_pii (A/TIF) PR
Libesry Hama R Frpuerlly sl dndog FIF G| = [
ve Ve M| S-PARAMETERS
i B [GA] SParmerers | =,
Namat A e mats : FRF _tren=1 800 Mz
ezt T 035 b L0 req=1800 MMz
b Stan=1 GHz RF_pwr=-40
= Staped GHz
Ateps10 M-z ;
FroaComersion=ms  yand meer
FregComversionPor=1 o AMP_1

ol R
40 Ot - 4
= PedbmaswiRF_pwn a0 O ImageRels
FreqsRF_freq o Lopen —
LO_Ritiz=
AL RF_Rej=
ol ComiGan=dbpotan(l 0y
vepolal OV | gy yopaiano m
FrageLO_treq y

£22=polari0,180)
£33=0

First, simulate system S21 with frequency conversion to see gain!
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Next, HB simulation with swept LO

|ﬁ| HARMONIC BALANCE |

HarmonicBalance
HEB1

MaxOrder=3
Frag[1]=LO_freq
Freq[2]=RF_freq
Order[1]=5
Order[2]=3
StatusLevel=4

dBm_out vs LO_pwr

WAR MeasEgn
\LIQR;’:E\}"\BUD MHz F_100MHz
RF freq=1900 MHz dom_out=d)
RF_pwr=-40
LO_pwer=-20
esyn_fil
filter_1900 AMP_1900 LPF_20
1900_BPF1 AMP_1 B

mi
h 4

m1
LO_per=0.000
dbm_out=-2 552,

LO_pwr

MLMoiseMode=yes P 1Torg Iixer
FregForioise=100 MHz = Ml MIF_gain = dbm_out - RF_pwr{0]
LO_source -
Usekrylov=yes Mo SideBand=L
Sweepvar="LO_pwr" iy ImageRej= LO_pwr IF_gain
i - 7=500 Ohm T 2000 T1a
Start=-30 —P_1Tone Fedbmin(L0 LO_Reji= 1000 34 7207]
Stop=10 RF_source . —TC?V\;( _pv) LO_Rej2= 0,000 37448
Stap=1 Nurr=1 feqELb_treq L RF_Re= 1000 3re72
Other=0uthar = "RF_pwr =50 Ohm =  ComGain=d
P=dbmtow(RF_pwr) S11=polar(0 |
Freq=RF_frag 522=polarfd,150)
caan
OutVar = “variable” to dataset L Sy
GHRES{ 14. 5) = §.974030e-011 =]
Hoise Freq » le+008Hz. KF[2) « $.17046dB. Conv Gain = 37 4714dB

Noise measurement gives
NF and conversion gain
when status level = 4.

usersidefaultspstes_pritdats

Simulation finished: dataset "sys_final hb' writtenm in

]
Total stopwatch time: 5445 seconds

Final system CE simulation with CDMA

Envelope

Env
WlaxOrder=4
Freq[1]=LO_freq
Freq[2]=RF _freq
Order[1]=3
Order[2]=1
Stop=t_stop

Step=t_step
* Other=SaveToDataset= yes

=

[E] var

VAR2 VAR

{_step="1/(hit_rate"sam_per_hit)
t_stop=num_sym/{bit_rate/2)
bit_rate=1.2288 MHz
sam_per_hit=4

num_sym=256

AMP_1300 asyn_filter
AMP_1 LPF_200

Win AR

filter_1900
i n 1900_BPF1

A FIRF_CDMA_ESG_FWD
SRCH

FO=RF_freq
Fower=dbmtow(RF_par)
Z=50 Chrn

Lo
F_1Tone
PORT1
MNum=3

= Z=50 Ohrn

P=dbmtow({LO_pinr)

Freq=LO_freq

VAR

LO freq=1800 MHz
RF_freq=1900 MHz
RF_pwir=-40

LO pwir=-20

hWeasEqn

schematic_aquation
IF_out=mix{Wout -1,1%)

Te{m
Yout Tetrm2

MNum=2

Z=50 Ohm

=)

* NOTE: Other = SaveToDataset =no It means only the MeasEqn IF_out goes to dataset.
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Power calculations from an example DDS

Use your CE data:

Open the example DDS file from the
Tutorials/ModSources /IS95_Fwd_PwrCalcs
Save it in your system_prj.

Change the dataset and MeasEqn

Forward Link

B s _to_pve_Hatisapas

Flagans  [I55 Fod_Petakcs
Save s bipe: [ ke >

Simply change the eqn
name to Vfund=IF_out
and all the data fills in
the plots and equations
values!

5 Ut K gpran Pt

- et
§ B o et e
3 el ERerets iy

o B IaP st prts P8 mans 01D

Fancy Data Display for CDMA spectrum

Set up a marker slider using equations: m1 slides to a frequency and
the spectrum of that carrier frequency is displayed: RF, LO, IF, etc.

mmarker_spectrum = dBm(fs(Vout[::;,freq_index],,,,,"Kaiser"))

20 m2
J m2 m3 freq=-614 4kHz
= 40 marker_spectrum=-38.514|
E J m3
2 B0 freq=614 4kHz
%I J marker_spectrum=-38.637|
T 80—
=
= J
£ 00—
120 T T T T T T T T T B
25 20 15 40 05 00 05 10 15 20 25 T2788M @
freq, MHz
= : NOTE: If you
BW = ind 3) - ind 2
v @ ] BBy =indep (m3) -indep (m2) "
o 1 2 3 4 & 8 7 8 m1is at the IF step in the
freq, GHz Iab,vyou have
Mmarker freq = freq [0,1] m achieved all
—redmiealhs freqi=100.0MHz the goals for
marker_freq=10.000E7 this class!

mrreq_indeﬁﬁnd_index (marker_freq,m1)
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OPTIONAL - Co-simulation of rf sys

This process requires several steps:

First step: Modify the system to become a sub-circuit (bottom CE simulation level)
as shown here. Co-simulation requires a Transient or CE simulation setup.

BPF_Butterworth

BPF1 m‘;':"” LPF_Bessel

B
In this class, it is easier ueoptone  SREO Gopeese
and faster to set up and Port
run co-simulation using N —

H Output
the behavioral system. o Nure2
The Extra exercise oS . SideBand-LOWER

one =
shows even more co- 1/ srct P
simulations you can try e zHom =J R
after the course! R e FrepLO. g o
Stop=t_stop S22=polar(0,180)
Step=t_step 533=0
PminL0O=-5

Co-simulation continued...
Next step: Open atop level DSP HowDosigns K
network so that the Ptolemy / DSP Hae

. A |
palettes become available in S
schematic. [Drgptal Srpmal Froesconsg Hetvwork, =l
- Caralr Hew Disign inc - I3 ;

Then build the system shown here: (o Zimien e

i i . A All the steps are in the
Conman Componens mtd Filtars Vars_top_and_bettom . .
w5 R e Timed Moder LO_ o160 Mz lab, including the
oth_Fillers_Are_Sarmy L LO pwr=20 .
o 1 g aTang 2 i ﬁ:f»%u e settings for the data

F 0 = = .
E ot @egrbol ool FCamar=RF_feg Lz | components, filters, etc.
DefsuikNumericStar=0 5BweD, 35 Power=dbmtow(FT_owt)  gymingl time=1/symibol_rate ’ !
DefaukNumric Stop=100 we=Hlodsl with pulse equalization Vie v 1_step=symibol_lime/5 The t step and t stop
DfaubTimeStan=0 wsee Squareioot="Yes lop) 1_atop=128 * symnbol_timb — —
DafaukTimaStop=t_siop Delay={a"symbol_time) sec g:‘:' ;:’J:::‘:rﬁ#n i . are now set for sym bol

T Bcircaa Thned Data Processing it w104 rate and time.

Raw_Bit_Soquonce

TStep=t_step 1_00_bits
BtTime=aymbol_ime2  SymbolTime=symbal_bmesd
UsarPattem="" Dela £BC F—23 Label="IF_Signad
i “’“ e Bottom level system.
o - " _—— 123
SequencePaltem=s yTeh="y
Repeal=Yes \Range=" 200° R=E0 Ohm:

: Cortiols and Displays 5 yRange="Sed Sed

Style=dat Style=connec

UpdateSize=10

Data flow controller runs showing filtered bits and IF signal: TkXY plots
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Data Flow simulation - TK plots are active!

¥ _Sumal [ Tilipaed s [-151]

IF_signal Filtered Bits

Agierd Prolemy Control .. M[s] E1 vy O

Quit the DF simulation and connect a SpectrumAnalyzer sink to
collect the data. Results of this co-simulation show spectrum of the
behavioral system. To use amp_1900 and your filters, replace them in
the system and setup a new simulation (requires more time).

COMA_Spectrum
Plot=Rectangular
Start=Defauk Tne St
Stop=DefauliTimeStc
786

Spectrum Analyzer sink:

dBm (DM &_Spectrum)

WindowConstant=0.0
fred, MHZ

By the way...RF Board and RFIC Design Flow Integration
Solutions from Agilent EEsof EDA

CiRetist

« Software and Services available to |_H7
integrate ADS into existing design ca d ence
flow based on: ZUKEN

— Schematic transfer via IFF
— Layout transfer via IFF

— Schematic sharing via Dynamic Link R E2 A C )) Supermax
(E-CAD

« For more info, contact your Agilent VERIBEST. inc

EEsof Sales Representative, or visit: Ky Thte EDA Systems Company

RFIC Design Flow:
http://www.tm.agilent.com/tmo/hpeesof/products/ads/prod600a.ht

ml

RF Board Design Flow:
http://www.tm.agilent.com/tmo/hpeesof/products/ads/prod600b.ht

ml
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End of the Course

Before you leave, please fill-out the
course evaluation...thanks!

Look for us on the WWW
for more ADS training and
applications.

Goodbye and see you next time!
www.agilent.com
Agilent EEsof EDA - Customer Education
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