=) Topic 2:

System Design
Fundamentals




BEFORE starting with system design...some details on the ADS Main window:

Main Window: File or Project View

= Use icons or commands: all icons have commands - not all commands have icons.

= Right clicking: on files or objects gives you choices...
= Dynamic icons & commands: may change with the tabs, windows, or context...
2 Advanced Design System 2008 (Main)

pols  Window  DesignKit

& Advanced Design System 2008 (Main)
DesignGuide

SOR BB =

Help

~ Project Hierarchy
C:lusersidefaultilabl_prj

& arf_ful.rec
#- ] data
& de_sim.cfg
& de_sim.cfg.old
& dsp_ful.rec
[& HBtest.dds
& hpeesofbrowser.cfg
& hpeesofsim.cfg
A hoeesofsim.cfa.old
< >

v | L

C:\fersidefaultilabl_prj

ICIick box
to expand or []
box to collapse.

% Working Directory
E Example Directory
& Directory...

‘ﬁ" Top Directory

#*] Startup Directory

[7.) Design Hierarchies...

Project Listing

v Show all Files

v Toolbar
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VS

Window  Designkit

File Yiew Project View

DesignGuide  Help

= 'ﬁ".c \usersidefaultilabl_prj
HBtest.dds
HBtest.dsn
Ipf.dds

Ipf.dsn
PA.dsn

1

v Toolbar

[=.) Design Hierarchies...

Right Click

Open Schematic
Open Layout

Copy
Copy Files...

[

Cil\usersidefa

Rename...
Delete

Filter Yiew...

Chrl+C
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BEFORE starting with system design...some details on the ADS Main window:

Main Window and the File commands...

= Main window is for managing files and projects

File commands: Design Kits (foundry specific)
Design Guide (like templates)

) New Project...
= Open Project...

&5 Advanced Design System 2008 (Mair.j

@ Example Project...

. U Fi View Tools ‘Window DesignKit #DesignGuide Help

) Copy Project... — -
O N2 CREBH =&

4 Delete Project... . L2 L= =) % RO D D = CYOTR

43 Include/Remove Projects. .. Zap File View ’ Project View
3 archive Project... pI'OjeCtS File Browser Project Hierarchy
27 Unarchive Project... = p ~ C:husersidefaultilabl_prj
| . t. .
Close Project... B arf_ful.rec
. +- (1 data
) New Design... & de_sim.cfq
. & de_sim.cfg.old
&> Open Design... B dsp_ful.rec
B, Copy Design... [ HBtest.dds
' & hpeesofbrowser.cfg
=] Delete Design... B hpeesofsim.cfg
[3 hoeesofsim.cfa.old \s
& Save Al <
%
% Close Al Spl ce, N etlist, C:\usersidefaultilabl_prj
Import...
& Imp IFF, etc.

X Exit Advanced Design System...
Next, Tools... :>
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Main Window Tools...

Configuration Explorer: variables

& Advance< Tz-ian System 2008 (Main)

Status
[] keep history

Setup: palettes

Values of common ADS configuration variables:

SITE_AEL=
SITE_DSN_PATH=
USER_AEL=

Configuration Explorer...

USER_DSN_PATH=

E Examples Search....

Start Recording Macro...

Playback Macro...
Text Editor...

Command Line...

Advanced Design System Setup...

Hot Key/Toolbar Configuration...

Preferences...

License Information. .

Queue Manager...

l

See next slide

ADS 2009 (version 1.0)
Copyright Agilent Technologies 2009

Operating System Environmental Variables:

DATA_FILES=.\data;C:\\usersiidefaultiihpeesofi\datafilest)

Design Type Supported
(O Analog/RF Only

(®) Both, With Default :
(®) Analog/RF Design

(O DSP Design

AGILEESOFD_LICENSE_FILE=C:\AD52008!licenses

& Main Preference

Warning Bell

Error Bell

Large Toolbar Bitmap

Display Project Listing

[] Enable the Getting Started Dialog Box
[] schematic Wizard

Save Project State on Exit

Create Initial Schematic Window
[] create Initial Layout Window

[] NewfOpen Design in New Window

New settings will be effe

& simulators

& Advanced Design System Setup @

ctive once the application is restarted.

Lo J |

Cancel ] [ Help ]

[] pesign Synchronization Checking
Enable Physical Connectivity Engine

Add Project Extension | _prj

Wire Thickness
O Thin
(%) Medium
O Thick

they apply to

Preferences are global,

all projects.

External Text Editor
[write.exe ‘

Cancel

ADS file
structure...

Foi Agilent Technologies
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Loading ADS: Directories, Variables, and Licenses
When you load ADS, you are prompted for:

- Install directory (location of ADS program) - C or D drive on a PC
$HPEESOF_DIR (UNIX variable) or %HPEESOF_DIR% (PC variable)

-« Home directory (location of your ADS design work) - C:\users\default on a PC
$HOME (UNIX variable) or %HOME% (PC variable)

LICENSE Variable and File:

(C) Install DIR A variable points to the license. ) Hgme (working) DIR
_ The default is: AGILEESOF_LICENSE_FILE = :
= 'ad $HPEESOF_DIR / licenses / license.lic or .dat e
= @ Main window: Tools > License Information: = [ users

+ ‘13 adspto'emy ilent License Information  C:\ADS2009\licenses ) hj default
™ I es Servers Usage Descriptions
E uj ae AGILEESOFD_LICENSE_FILE = C:“ADS2009\licenses ® U‘j hpeeSOf
H Computer/Hostnamne = a0070076
: Default Hostid = 444553544200 0019d2498a03 0017a4c — .
: Disk Serial Number - £40e5£61 I+ Uj labl_pr]
: Ethernet Address = 444553544200 0019d2498a03 0017a4c lab )
v HPEESOF_DIR = C:\ADS2009 ¥
Hardware Key (Dallas) = ]—I “j a —x—pr-]
Hardware Key (Sentinel) =
Hardware Key (USB) =
IP Address = 141.184.147.36
LM_LICENSE_FILE = C:\ADS2009“licenses
Ebin :

NOTE: License files contain code words for the simulators. Licenses can
] ) be networked or keyed to individual computers (node locked) using a
4] license.lic

hardware key (dongle) or Ethernet card (MAC address).
System design... |:>

ADS 2009 (version 1.0)
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SYSTEM DESIGN: palettes, Bk

libraries, and components. _—

» System design is at the higher paltte 5

level, no circuit components are required. ¢ . vodipemod
System-PLL components
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System-Passive
-« However, system components can be System-Switch & Algorithmic || e
: ; ; ; System-Amps & Mixers —
integrated with circuit components. < yatem: Data Madels & [
Tx/Rx Subsystems Seanplpinel
* The simulation and data display are it

the same for system and circuit. ClFlerstondooss > @

=¥ =¥
& Component Library Palette r\
Filters-Bandpass Blowrth J | Chibshe
ey || searc | searo | searc Filters-Bandstop
System-Mod/Demod Component Description Library Filters -Highpass Elliptic Bessel
System-Passive AGC_Amp Voltage-controlled ampl... System-Amps... } Car——m | Co—
System-PLL components AGC_PwrControl  AGC loop power control  System-Amps... FI'tEI'S 'LOWDBSS [
System-Switch & Algorithmic Amplifier2 RF System Amplifier, Po... System-Amps... Rauss RsdGos
TLines-Finline AmplifiervC Voltage Controlled Amp... System-Amps...
TLines-Ideal FreqMult Frequency Multiplier System-Amps... & &
TLines-Microstrip LogACDemod Demodulating AC Logar... System-Amps... Pls‘Z::o PI:n;Pm
TLines-Multilayer LogDC DC Logarithmic Amplifier = System-Amps...
TLines-Printed Circuit Board LogSuccDetect Successive Detection Lo... System-Amps...
TLines-Stripline LogTrue True Logarithmic Amplif... System-Amps... ~
TLines-Suspended Substrate Mixer RFSystem Mixer, Polyno... System-Amps... saw
TLines-Waveguide Mixer2 RF System Mixer, Polyn... System-Amps...
Tx/Rx Subsystems MixerWithLO RF Mixer with internal I... System-Amps... Typica| RF system desig n...
Block Text Fonts OpAmp Operational Amplifier System-Amps...
[+ Board Demo Design Kit OpAmpldeal Ideal Operational Ampli... System-Amps... I >
Frequently Used DSP Components VMult Voltage Multiplier System-Amps...

ADS 2009 (version 1.0)
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Typical system design uses:
behavioral models!

What are behavioral models?

E: FI F i E: uttenaort h

BPF1 Amplifier2 LPF_Bessel

Fcenter=1.9 GHz gg?db /ar(10,180) LPE1

BWWpass=200 MHz Sl S : .

Apase=3 B 511=polar(0.0) Fpass= 200 Mz » Behavioral models
B\Wstop=1 GHz 522=polar(0,180) GpDaSaSS-S_ ] .

Astop=20 dB 512=0 PR are equation

Mixer Nurm=2 ¢ Eq uations

based.
" gec-f%—‘vm *% L,
L

5 N 7=50 Ohm .
o e ower describe node | and
— R=50 Ohm |mageRej:
> (ot T V and can also
RF_source W 1Tone +T LO_Rej2=
i o e reference tables.
Z=50 Ohm V=polar(1,0)V  {N\.)ConvGain=dbpolar(3,0)
P=polar(dbrmtow (-40),0) Freg=1.8 GHz S11=poalar(0,0)
Freq=19 GHz =1 S22=polar(0,180)

L 533=0 [ >

NOTE: You can also use measurement / data based models. For example: SNP
components, Mixer IMT, Amplifier P2D, AmpH1H2 and others in the System libraries.

ADS 2009 (version 1.0)
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Typical system component: Amplifier

Amplifier2

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

NF=6 dB

TOI=20
GainCompPower=5
GainComp=1.0 dB

You specify the behavior: /

Behavioral model

Polynomial equations describe nonlinearity:

= RF System Amplifier, Polynomial Model for Nonlinearity:1

Amplifierz Parameter Entry Mode

Instance Mame (name[<start:stop>]) Standard v ‘

AMP1 |

Select Parameter 521
G \dbpolar(lﬂ, lsd ’None v ‘
S11=polar(0,0)

522=polar(0,180) [
S12=0

NF= | Tunejopt/stat/DOE Setup... |
MNFmin=

Sopt=

Rn=

Z1=

22=
GainCompType=LIST
GainCompFreq=

ReferToInput=0UTPUT o Display parameter on schematic

Equation Editor. .. ]

Add Cut Paste [ Component Options...

521 : Forward Transmission Coefficient, use x+j*y, polar(x,y), dbpolar{x,y) for complex value

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

NOTE: Other ADS components (AmplifierS2D) can be used with measured data.

ADS 2009 (version 1.0)
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Simulation is the same: system or circuit

Therefore, you can combine circuit and system designs for
simulation as they are completed!

Big :‘ Hierarchy: System design with amplifier circuit!

Top level:

system. ] % ————3 T
Fhinn A Vout v a:l:leer
1 Mixer BlUl=2
= R1 g SideBand=LOWER 1
— R=50 Ohm ImageRej= —
Lower level: ] oee | LO_Reji=
. . R =v.DC _ 1Tone + 1 LO_R8J2=
circuit. o om | 2 | SRCH RF_Rej=
. Do Feez = V=polar(1,0)V  {"\)ConvGain=dbpolar(3,0)
ot L | Fres=18GHz 511=polar(0,0)
L |£)C Block2 L=27.1 nH
C % pC_Feedt REE Clm
DC_Block1 L=120 nH

C=10 pF

F rt L |
L_mmatch_in

] - | 522=polar(0.180
i § S2Thomr(®180) |@| HARMONIC BALANCE |

FLL HarmonicBalance
beta 160 Num 2 HB1
match out

Num 1 l'5 115;%2':“ g rnngt;:r;Fn C=0.22 pF MaxOrder=4
= Freq[1]=1.8 GHz
= Set up the simulation Freq[2]=1.9 GHz
Order[1]=3
controller at the top level. Order[2)=3

ADS 2009 (version 1.0)
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Also, ADS has Data Flow simulation

Data Flow simulation (Ptolemy) is 3 levels here:

1 - Circuit design
2 - System designs with Envelope or Transient

m2
ind Delta=1.234M

dBm{CDMA_spectrum)
=3
|

3 - Data Flow (Ptolemy): bits, sinks, TK plots ol ldgft’a[’;'c‘,fg Constelation
9% 9% 97 9 99 100 1y _ S
freq MHzf| % “.o. ce
DSP and CommSys courses
. " . 100| Beee 48 0
teach details of Data Flow simulation.

] VAR -1.00 0.00 1.00
3 ViR

DF LO_frei
DF LO_pwr=-20
DefaultNumericStart=0 RF_freq=1900 Wtz
filter_1900 AMP_1900 DefaulthurnericStop=100 SIS 2
= - 8 symhol_time=1/symbol_rate
1900 BPF1 AMP 1 DefaultTimeStart=0 usec = .
— = DefaultTimeStop=1_stop :—gigj‘gfl’s';m;”"sme R
-stop= = R
:z e Seurees Timed Data Processing U NG Circuit Cosimulation R=50 Ohm
ENV
C ol - . T
Pot L= Do tol—P——ppsiity/[ oM:sDE _’EL o A
Shor i
vee Kj‘lput 1 Data SymholSplitter e ';s‘—ot'f”:‘gg" SpectrumAnalyzer
6@ um= ata 1 Q bits _sim_or1_: CDMA_spectrum
1 . ?;f;’;f,"ﬁfﬁ _— SymbalTime=symbol_tjmaf2 1 4 EnvOutShort Plot=Rectangular
e % ENVELOPE BilTime=symhol_timer2  D®1a=0 sec al CE_basehand ST
e UserPattern=" FCanier=RF _freq OutFreq=RF_freq-LO_freq %P‘L:Defa“'ﬁ'mesu‘gg
DC_F| Envelope Type=Prhs SymbolTime=symbaol_time W::dgwwéozzgﬂgﬂ.ﬂ
L=120) SequencePattem=8 Power=0.01 W 1 i
X Env1 Repeat=Yes ExcessBw=0.35 =
oc MaxOrder=4
. c={  Freq[1]=LO_freq P=dbmtow(LO_pwr) ConvGain=dbpolar(3,0)
DC_Blockl H Freqi21=RF_freq Freq=LO_freq S11=polar(0,0)
C=10pF o Order[1]=3 S22=polar(0,180)
ar Order[2]=1 S$33=0
oL ] Stop=t_stop PminLO=-5 NOTE: the steps shown here
i __match_in - —
cead Toponr & ST are an OPTIONAL exercise in the
pm
_4) = . . .
prian) last lab exercise in this course.

ADS 2009 (version 1.0)
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ADS also has a built-in Eye Diagram

Or Oscilloscope... with numerous front
panel-like settings. Data is from Transient
analysis (real & not complex) - usually a

baseband signal.

o | Data Display:

i Data File Tool... ﬁ ]

| Fronenel |
R

hoa) 6As JLoutbgusqqz [baBs) 3]:3

ElEERg =

Jitter

=

aEE|

Measurement Settings |

ADS 2009 (version 1.0)
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Hode Select Dataset Select Trace & =2 Fe-003
€ Osciloscope | |[irans_eye ~||r_ouT || ||Stap Time =5e-007
= Epe/Mask Data Rate =139371445.37003
P At Top-Base Definition ="Auto"
" ) Threshold =20 - 80%
TR Eye Boundary =40 - 60% U Se Of th iS tool
—] N — Is covered in the
259 . I I P ADS signal
X ] ) o I N i Measurement Results - t - t
K-2 g 06— Eve Level Zero -4.4928073318e-007 I n eg rl y CO u rse e
Z = - Eye Level One 0.99698635444724
c
- S 044 Eye Level Mean 0.49849235258325
X § 4 Eye Amplitude 0.99698680372797
A wopa Eye Height 0.99698680372797
4 Eye Height [db) -0.01310590033445:
m l 00| Eye Width 4.92682927e-009
4 Eye Opening Factor 1
o101 . :
‘,/ 02 — ——T————T——TT ; . , Eye Signal_to_MNoise FALSE
| oo | - & b & 6 b & & b B B B = Eye Duty Cycle Dist  4.8611841e-010
T LA Eye Duly Cycle Dist(% 9720901329913
o (B EEE L time Eve Rise Time 5.9898396e-010
Eya Fall Tima 11a5a12742.0N9
‘ ]
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=7 1= 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 gain, spectrum, etc.
 Start amp_1900 design — subckt parasitics
» Simulate amp DC conditions & bias network
» Simulate amp AC response - verify gain
» Test for noise contributions
» Simulate amp S-parameter response
 Create a matching topology
®, » Optimize the amp in & out matching networks
Mml I * Filter design — lumped 200MHz LPF
* Filter design — microstrip 1900 MHz BPF
* Transient and Momentum filter analysis
* Amp spectrum, delivered power, Zin - HB
» Test amp comp, distortion, two-tone, TOI
» CE basics for spectrum and baseband
» CE for amp_1900 with GSM source
* Replace amp and filters in rf_sys receiver
» Test conversion gain, NF, swept LO power
 Final CDMA system test CE with fancy DDS
» Co-simulation of behavioral system

ADS 2009 (version 1.0)
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RF receiver system: S-parameters

S-21 measurement tests conversion gain:

BPF _Butterwvorth i —
EF, Duterworih Amplifier2 LPF_Bessel Converted Freq = 100 MHz IF
- = LPF1
mzrsjzgoo ;;Z 2121 ;gg:;orl(aorg)o"l 50) Fpass=200 MHz = Scattering-Parameter Simulation:5 @
Apass=3 dB $22=polar(0,180) Apass=3 dB 5_Param Instance Name
Bvvstop=1 GHz $12=0 GDpass=0.3 sP1 \
Astop=20 dB | Frequency | Parameters | Noise | Output >
— X >
o Mixer % s
M1
R SideBand=LOWER Calculate
—~ R2 ImageRej= S-parameters [[] Enforce Passivity
Ter R=50 Ohm LO_Rej1= = [[] ¥-parameters
T;:’:}I1 LO_Rej2= [] z-parameters
Num=1 v_1Tone RF _Rej= ] Group celey
- Z=50 Ohm S§C1 ConvGain=dbp0|ar(3,0) - Group delay aperture |le-4
V=polar(1 ,U) N 51 =p0lar(0 ,0) Frequency Conversion
— req=1 8GHz _ §§§=S°|3r(0 180) E na b I e fo r —l Enable AC frequency conversion
ESBLon Setup:7 - H S-parameter freq. conv. port |1
CEm | = behavioral system
Simulation mode Local v Levels
Setup | Remote | Distributed mOdels only Status level |2 ‘
0 m2 Device operating point level
Dataset > 1 g’gfgg@:&%‘?&o & None O Brief O Detailed
f_sys_10d8 |[Ceromse... | = 2”*_ delta mode ON
§g " freq=1.900GHz
g& " dB(S(2,1))=12.313|
. . S 20
Plot results from 2 simulations: | s
10 dB and 20dB amp S21 P = Loc JL ooy [ coel J[_ b
e T
80 T T T T

’ 10‘12‘14‘15‘ 1.8I2|UI2|2I2‘4I2!5I2‘.8‘30 I >
[ Simulate ][ Apply ][ Cancel ” Help freq, GHz

ADS 2009 (version 1.0)
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Harmonic Balance simulation using an
HB Noise Controller

MoiseCon Instance Name

1 HB simulation: phase noise and spectrum of |F: [ it ot Lowe ;
= = Phase Noise Type Phase noise spectrum v
HB NOISE CONTROLLER |

Specify phase noise carrier

NoiseCon ’@ Frequency O Carrier mixing indices ’ ‘
NC1 . . . L 100 MHz v
BPF_Butterwortt
NLNoiseStart=10 Hz R Amplifier2
MNLMoiseStop=10.0 kHz Feenter=19 GHz AMP1 LPF_Bessel
MLMNoiseDec=5 BWpass=ﬁDU MHz S21=dbpolar(10,180) LPF1
CarrierFreq=100 MHz Apass=3 dB S11=polar{d,0) Fpass=200 MHz
PhaseNoise=Phase noise spectrum BWstop=1 GHz S22=polar{d,180) Apass=3 dB
NoiseMode[1]=Vout Astop=20 dB 312=0 GDpass=.9 [ >
N i % Vout TH!lm
I@ HARMONIC BALANCE I ViIxe erm2
Num=2
HarmonicBalance SideBand=LOWER Z=50 Ohm
HE1 TeE ConvGain=dbpalar(3,0) -J_
MaxOrder=4 S11=polar(0,0) I
R’F source polar(D, o
Freq[1]=1.8 GHz ==y 051 b S22=polar(D.180) = Setu P LO with
Freq[2j=1.9 GHz 7250 Ohm Freq=1.8 GHz $33=0 )
Order[1 ]:3 P=polar(dbmtow (-40),0) P=dbrmtow(d) p h ase n Olse .
Orderf2=3 Freq=1.9 GHz Rout=50 Ohm
Noisecon[1}="NC1 Pac=polar(dbmtow(-40)0)  PhaseNoise=list(10Hz -10d8, 100Hz -20dB, 1KHz -30dB, 10KHz -40dB)
MNoiseConMode=ves
0 o M3
! m2 ¥
L noisefreq=1.000kHz, A0 e
g .1 Tk \g primx=-30.00 dBc -7 [ea=100 oz _
i - — g 0 ldBm(vouy=-27 657 +«—— Plot phase noise
E 3 (ML - =¥ E 00
s |noisefreq=100.0 Hz ~1 @
o lpnmé=-26.00 e I and spectrum.
50] : : 500 m i
LA L B B B B R B
1E1 1E2 1E3 164 1} 1 2 3 4 5 6 7 8
noisefreq, Hz freq, GHz

ADS 2009 (version 1.0)
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OPTIONAL: SDD used as a mixer

SDDs can define non-linear behavior...this is a brief introduction:

B3| HARMONIC BALANCE | @ ‘ TRANSIENT I
*1 2' 4 % v ¥ HarmonicBalance
- ou 7o Ut HB1 Tran

= = MaxOrder=4 Tran1

" Freq[1]=1.5 GHz StopTime=4/100MHz
O T Freg[2]=1.9 GHz MaxTimeStep=1/(2*1800M)
= SDD3P L Order[1]=3

SDD3P1 - Order[2]=3

I[1,0]=(_v1)/50.0 _Li

Ot + 3y 150.0 Non-linear node currents are

I[3,01=(_v3)/50.0 defined by equations: | = _V /Z.

cl]=

HB results: Fundamental tones, harmonics, difference and sum frequencies are
plotted. However, because no conversion gain is accounted for in the SDD
equation, the results have a lower magnitude than the behavioral model mixer.
Also, Transient results compare within 0.1dB of HB using fs function.

Start the
lab now!

Fq vout2=dBm(fs(rf_sys_sdd_trans. Vout,,,,..,10n 40n))

m1 SUM
freq=100.0MHz freq=3.700GHz

dBm(Vout)=-42.72§| [dBm(out)=-109.200 m2
-40
SUM 0 o
freq=100.0MHz
.80 Vout2=-42.760

dBm(vout)
Vout2

6 1+ 2z 3 4 5 & 7T 8 0 2 4 6 8 10 12 14 16 18
freq, GHz freq, GHz

ADS 2009 (version 1.0)

Copyright Agilent Technologies 2009 -2, Agilent Technologies Slide 2 - 16




