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Introduzione alla Progettazione RF

* Aspetti Generali
* Concetti di Base

U Linearita

U Noise Figure
* Architetture

U Eterodina

U Omodina
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Aspetti Generali (2)
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Concetti di Base: Linearita (1)

e Armoniche
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Ai.dB  20log Aj,




Concetti di Base: Linearita (2)
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* Intercetta 3° Ordine: IP,
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Concetti di Base: Noise Figure (1)

* Sorgenti di Rumore
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* Noise Figure (NF)
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Concetti di Base: Noise Figure (2)

* Rumore riportato in ingresso
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* NF per 2 stadi in cascata (formula di Friis)
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Architetture: Eterodina (1)
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Architetture: Eterodina (2)

* Eterodina a Doppia Conversione
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Architetture: Omodina
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Simulazioni Elettromagnetiche

* Aspetti Generali
U Approccio Elettromagnetico
U Chip Packaging
* Simulatori
* ASITIC
U Induttori
U Trasformatori
* MicroWave Office
» HP HFSS (High Frequency Structures Simulator)




Approccio Elettromagnetico

e Parametri Distribuiti
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Chip Packaging (2)

Chip Packaging (3)
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Simulatori Elettromagnetici
* Approccio Numerico
U Time Domain (TD)
U Frequency Domain (FD)
* Metodo Analitico
U Momenti (FD)
U Elementi Finiti (FD)
U Differenze Finite (TD)
* Geometrie
a2D
U2De s (ASITIC, MicroWave Office)
U 3D (HP HFSS)
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ASITIC: Organizzazione
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ASITIC: Technology File

e File Testo e Descrizione Fisica
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ASITIC: Eddy Current
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ASITIC: Shunt and Symmetric Spirals
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ASITIC: Planar and Symmetric

Transformers

v High Q

v’ Symmetry

ASITIC: Semplice Sessione

<chips
chipx = 512 ; dimensions of the chip in x direction in microns
chipy = 512 ; dimensions of the chip in y direction
ffex = 256 ; x-fft size (must be a power of 2)
ffty = 256 ; y-fft size
TechFile = sample.tek  ; the name of this file
TechPath = /home/niknejad/tekf ; the pathname of the data files
freq = .1
<layer> O ; Bulk Substrate
rho = .1 : Resistivity: ohw-cm / S
e e wions egmento
eps = 11.5 ; Permitivity: relative
chaver 17 Ea taves di Techfile
rho = 15 : ohm-cr
t =1 ; wicrons
eps = 11.8 : relative
<layerz 2 ; Oxide Layer
rho = 1e1d ; ohm-cm
t = 50 ; microns
eps = 4 : relative
<via> O ; metal 1 to substrate
top = 1 ; via connects up to this metal layer
bottom = 0 via connects down to this metal layer
r=s : resistance per via
width = .4 width of via
space = 1.3 ; minimum spacing between vias
overplotl = .3 winimu dist to substrace meral
overplot? = .3 ; winimum dist to metal 1
neme = via0 name in ASITIC
color = purple ; eolor in ASITIC




Square Spiral (1)

toesh> asitic -t samplel.tek

AEITICH

=g name=a:len=175:w=10:=3=.5:n=0:xorg=200:yorg=200:metal=m3exit=m2

Square Spiral (2)

AIITIC> ind a

Inductance of L = 4,13121 (nH)

ASITIC> res a

Resistance of A = 4.246441 [Chms)
ASITIC> pix & 2

lambda = 37500.00, delta = 1.95

maxL = 1875.00, maxT = 1.56, maxW = 1.56

Perforwming Analysis at 2.00 GHz

Generating capacitance matrix
Generating inductance matrix
Invertihg watrix......

Ind Timing: tot = 1045, set
invert = 266, re
Cale Times (ms): total = 13
Pi Model at £=2.00 GHz: @ =
L = 4.06 nH R = 5.zZ9
Cs1= i04 fF Rsl= 635
Csi= a7 fF Rsi= 710

{105x105) ...
(126x126) ..
up = 08, £ill =  7&2
duce = 05, eddy = oo
78, cap = 309, ind = 1063, node =
7.02, 7.16, §.20

f res = 7.74GHz

os




Square Spiral (3)

ASITIC> =g name=halo:len=200:wid=200:w=20:n=1:xorg=180:yorg=180:s=10:metal=msub
ASITIC> mwwv halo 5 5
ASITIC> pix a 2 halo

lambda = 37500.00, delta = 1.85

mwaxl = 1875.00, maxT = 1.56, maxW = 1.56
Performing Analysis at 2.00 GHz

Generating capacitance matrix (141x141)...
Generating inductance matrix [(126x126) ..
Inverting matrix......

Pi Model at f£=2.00 GHz: ©Q = 7.85, 7.81, 5.:20

L = 3.95 nH R = 5.83
Csl= 117 fF ks1= 13.Z
Csi= 108 fF Rsi= £9.5 f res = 7.39GHz

Coupling (1)

ASITIC> del halo

ASITIC> ecp a b
ASITIC> v & —100 0O
ASTITIC> v b 100 O
ASITIC> friend a b
ASTITIC> v & —-25 0




ASITIC> kahb

Coupling (2)

Coupling coefficient of A4 and E: k = -0.02745 and M = -0.11355

{nH) .

ASITIC> ki 2 & b

lambda = 37500.00

, delta = 1.95

maxL = 1575.00, maxT = 1.56, maxW = 1.56
Generating inductance matrix [(252x252)..

Inverting matrix.

Ind Tiwming: tot = 4673, Setup = Zz0, f£ill = 2117
invert = 2526, reduce = 33, eddy = aa

Lik,b) = 4.03648 nH Rk, k) = 6.120

Lik,B) = -0.11151 nH R(&,B) = -0.074

L{B,B) = 4.03624 nH R(B,B) = 6.127

Z_jw(Ll +L2+2M)

ABITIC> showdir
ASITIC> flip b
ASITIC:> phase b -1
ASITIC> Jjoinac h
ASITIC> ind =

Inductance of A = 8.80189 [nH)

Coupling (3)




Coupling (4)

lambda = 37500.00, delta = 1.95

maxlL = 1875.00, maxT = 1.56, maxW = 1.56
Performing Analysis at 2.00 GHz
Generating capacitance mwatrix (205x205) ...
Generating inductance matrix (Z46x246) ..
Inverting matrix......

Ind Timing: tot = 3964, setup = 0z, £ill = 1994
imvert = 1963, reduce = 04, eddy = oo
Cale Times (wm=): total = 6084, cap = 2099, ind = 3983, node = oz
Pi Model at £=2.00 GHz: Q = 4.90, 4.77, 7.36
L = 5.84 nH R = 7.87
Cs1= 157 £F Rsl= 645
Csz2= 193 £F Rsz= 624 f res = 3.96GH=

Multi-Layers Spiral (1)

ASITIC> sSgsh name=ad: len=150:w=5:s=1l:in=3.75:imetal=mdiexit=ml:xorg=200:yorg=Z00:chegin:cend:exit90




Multi-Layers Spiral (2)

AZITIC> pix a3 3

lambda = 25000.00, delta = 1.84

maxl = 1250.00, maxT = 1.47, maxW = 1,47
Performing Analysis at 3.00 GHz

Generating capacitance matrix (194x154) ...
Generating inductance matrix (230x230) ..
Inverting watrix... ...

Ind Tiwing: tot = 3006, setup = 32, £ill = 2444
inwvert = 495, reduce = 32, eddy = u]u]
Cale Times (ws): total = 5508, cap = 2502, ind = 3000, node = o5

Pi Model at £=3.00 GHz: Q = 7.33, 7.34, 8.59

L = 2.21 nH E = 4.04
Czl= 839.2 fF R=1= 665
Cz2= 839.7 fF R=2= 683 f res = 11.34GH=

Multi-Layers Spiral (3)

ASITIC> del al =2 a3
ASTITIC> =g name=sl:len=200:w=10:s=1l:n=4:metal=m3:exit=m xorg=200:yorg=200:exit30
ASTTIC> sopan nsme=s2:len=200:w=10:s=1l:n=4:metal=m3:exitc=m2 xorg=200:yorg=200:exit20




Square Planar Transformer (1)

ASITIC> trans name=t:len=250:w=10:5=2:n=3.75
AZITIC> mw t-p 120 120

Square Transformer (2)

ASITIC> ki 1.2 t-= t-p

lambda = 62500.00, delta = Z.52

maxlL = 3125.00, mwaxT = 2.01, maxW = 2.01
Generating inductance matrix (160x160) ..
Inverting matrix......

L{T-5,T-3) = 3.34111 nH R{T-5,T-5) = 5.135
L{T-5,T-P} = Z.66867 nH R{T-5,T-Fj) = 0.300
L{T-F,T-P} = 3.34187 nH R{T-F,T-Fj = 5.404

ASZITIC> calctrans t-s t-p 2

lambda = 37500.00, delta = 1.95

maxlL = 1875.00, maxT = 1.56, maxW = 1.56

Performing Analysis at 2.00 GHz

Generating capacitance matrix (160x160) ...

Generating inductance matrix [(192x192)..

Inverting matrix......

Narrowhand Model at £=2.00 GHz:

Li= 3.4 Rl= 5.16 Li= 3.4 R2= 5.44 M= .73 (k= 0.805) Re(ZlZ) =

0.515




MicroWave Office: Finestra Principale
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HP HFSS: Finestra Principale
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Tecnologie: Gain-Noise
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CAD Tools: Analisi Tradizionali

*DC

» AC (Lineare)

* Transitoria (Non Lineare)

* Sweep (Parametrica)

» Temperatura

* MonteCarlo

* Corner Analisys (Worst/Typical/Best Case)

* Sensitivity

CAD Tools: Special Purpose

* Analisi Tradizionali

* S-Pameters (Lineare)

* Periodic Steady State (Non Lineare)
O Harmonic Balance (ADS)
O Shooting (SpectreRF)

* Ottimizzazione

* Piattaforme Software: Design Entry to Layout




Principali Tool

* ADS (Advanced Design Systems) - Agilent Technologies
U Finestra principale
U Analisi
U Grafica
» Cadence Design Framework — Cadence
U Finestra Principale
U Grafica
U Simulatore Analog Artist (SprectreRF)
U Analisi

ADS: Finestra Principale
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ADS: Analisi
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Cadence: Finestra Pri
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Simulatore: Analog Artist (Spectre RF)

Design ...

Simulator/Directory/Host ...

Temperature ...
Model Path ...
Environment. ...
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Simulation Files
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Low Noise Amplifier (LNA)

* Input Matching o
* Parametr1 Tipici
* Noise Figure (NF) 7 —
I11P; —10dBm
* Scelta della Configurazione Ghain 15 dB

Input and Output Impedance 50

Input and Output Return Loss —15 dB
° Guadagno Reverse Isolation 20dB

Stability Factor >1

* Linearita
U Punto di Compressione (CP1dB)
Q Intercetta del 3° Ordine (IP3)
* Stabilita
* Topologia Base Coupled Differential (BCD)
* LNA Selettivo Integrato: Boot-Strapped Inductor




Input Matching

¢ ZS: RS - ZNFopt - ZI

Input Matching e Noise Figure




Input Matching e NF:
Flusso di Progetto

* Test NF Minima

!

* Scelta del Numero di Transistori (RON, Area, PDy;,x)

!

* Calcolo della Induttanza di Degenerazione

Input Matching e NF: NF,,.. (1)

I Composer—Schematic Editing: Comparison Noise schematic
Cmd: Sel: 0

Tools Design Window Edit Add Check Sheet

SIS

I R P

oo e

-

P 6

e L: schSingleSelectPt() M: schHiMousePopUp () R: spHiRadixSet)




Input Matching e NF: NFy;,, (2)

[ AnaogArtistSimulaion ) [ ||

Status: Ready T=27 C Simulator: spectre 9
Session Setup Analyses Variables Outputs Simulation Results Tools

Help
Design Analyses _%

: . # Type Brouments. L Enzble .o
Library Comparison - ThAN
cell Noise 1 sp 100w 6Em Buto.. Star.. wes 4ne

2 noise 1G 36 100 Line.. yes I .i.
View  schematic 3 dc iE yes l e
Design Variables Outputs [E:
#  MName ¥alue #  Name/Signal Expr Value Plot Sawe March
1 Ipol 1.8m 1 NFmin{dE} wave ves
2

win 1 2 HF{dE) wave yes
3 FF 2.446 E

= Results in fspace/home/zitofsimulation/Moisefspectrefschematic L i

Input Matching e NF: NF;, (3)

Waveform Window — Analog Artist Simulation (4) .

Window ZFoom Axes Curves Markers Annotation Edit Tools

v: NFmin{

i

monse L:awviMouseSingleSele M: R:sevietlistandRuni’ s

>




Scelta della Configurazione

* Noise Figure

* Guadagno

* Limite Superiore di Banda

* Differenziale
v’ Linearita, Immunita ai Disturbi
U Consumo di Potenza

* Input Matching

DN e R es [ E

S| 5| .

#

IR s RE

Scelta della Configurazione:
Cascode Differenziale




Schema di Simulazione

Sel: 0

Tools Design Window Edit Add Check Sheet

<

,\
Pt

n
T

DI AL

_~" 'mouse L: schSingleSelectPt() M: schHiMousePopUp () E:hiZoonRelativeScale (getiure

>

Input Matching: Z (1)

Status: Ready T=27 C Simulator: spectre 12
Session Setup Analyses Variables Outputs Simulation Results Tools Help
Design Analyses %
# B % Enahl
Library Comparison Type e fente =
cell FullyDiffTest 1 ac 1 3G Buto. . Star.. yes Fls
L 7
View  schematic I I 1
Design Variahles Outputs [Ej
#* Name Value # Name /Signal /Expr Value Plot Sawe March
1 Ipol . BT 1 ReZin yes }}/
2 win 1m 2  ImZin ECE
3 FF 2.446




Input Matching: Z, (2)

l_ Waveform Window — Analog Artist Simulation (5)

Window ZFoom Axes Curves Markers Annotation Edit Tools

mouse L:awviMouseSingleSele M: R:sevNetlistandRun(’s

>

Input Matching: NF (1)
—  Analog ArtistSimulaton ) [

Status: Ready T=27 C Simulator: spectre 12

Session Setup Analyses Variables Outputs Simulation Results Tools

Help
Design Analyses _%

* A S o oo nnncaaacooeono Enabl.

Library Comparison Type rguments fsnss e
cell FullyDiffTest 1 zp 1c ke Auto. . Star.. yes Ells

2 noise 1c e 100 Line. . yes ]+
Wiew  schematic 3 ac 1G 3G Buto.. Star.. yes 1o
ivz
Design Variables Outputs DE:

#* Name Yalue #* Name /Signal /Expr VYalue Plot Sawe March

1  win 1 HFmin(dE) yes

1 }}/
2,446 2 HF(dE) L
3 Ipol BB E

7

= Results in fspace/homerzitofsimulationfFully Diff Testfspectrefschematic L >




Input Matching: NF (2)

li Waveform Window — Analog Artist Simulation (5)

Window ZFoom Axes Curves Markers Annotation Edit Tools

X

B

o2 MFrminfd

=

&

~[TrT

mouse L:awviMouseSingleSele M: R:sevletlistandRun(’s

>

Guadagno: A, (1)

Analog Artist Simulation (5)

Status: Ready T=27 C Simulator: spectre 12

Session Setup Analyses Varables Outpuis Simulation Results Tools

Help
Design Analyses _%

: . # Type Brguments. . ... ... Enable ..
Library Comparison - ThAN
40c
Cell  FullyDiffTest 1 de i yes
ac 1c a6 Buto. . Star.. yes + | ]L
View  schematic nYa
Design Variables Outputs [E:
#  Hame Value #  Name/Signal/Expr Value Plot Sawe March
1 Ipol 6. 6T 1 AvLNA Fes
2 win 1
3 FF 2,446

2 &9 ER X

= Results in /spacemome/zito/simulation/Fully DiffTest/spectrefschematic




Guadagno: A, (2)
Waveform Window — Analog Artist Simulation (5)

Window ZFoom Axes Curves Markers Annotation Edit Tools

mouse L:awviMouseSingleSele M: R:sevLoadState (' sevsSe

>

Linearita: CP,45 (1)

Edit Object Properties il |~ Choosing Analyses — Analog Artist Simulation (|

Cancel Apply | Defaults Provious. Hext Holp 0K | ancel Defaults| Apply Help
Periodic Steaty State Analysis
D only curent —instance
i Fundamentl Tones.
Show systom M usor W CDF # Nome  Epr Vel Sigal  scend
Browse | eset instance Labels Display s ow 2400 Moderste PRI

Property value Display.
Ubrary Name  analogLili off

: — —
—

\/ [nput Port e [l — Cowiidd | Dooto|  Update From Schomatic \/ PSS Analisys

Instance Mame  PORTL off ® Beat Froquency

Boat Poriod 2,440 Auto Calcutate W
At Delete | Modity
Usor Property  Master Value LocalVae Display T
Wsignore e I ot Number of harmonics 4
COF Paramater value. Display.
e & ot
Second frequency name | oft
Hoise file name I off
Number of noiseffreq pairs 0. off
Resistanco 50 olnd oft
= Accuracy Defaults (ermpreset)
Port rumber i ot conservative | moderate M liveral
DC voltage ] Additonal Time for Stabilization (tstab) |
Source type. off Save iital Transient Results (saveinit)  no_ yes
Detay time oft
T Oscitator
Sine DClevel oft
Amplitude I ot
Amplitude (dBm) Bef off
it phase for Siusold | ot Sweep W Frequency Variabie? o yes
5 Variable
e B we ot Variable tlame 2.
Ampiitude 2 i off Select Design Variable
Ampitude 2 (d8m) i ot
Initial phase for Sinusoid2 | oft SIPEED
= ® Start_s .
e : S S g s [
FM moduation index i oft
T Sweep Type
FM moduation frequency oft e
® near ® step s
‘AM modulation index I oft Logarithmic Humber of Steps &




Linearita: CP 45 (2)

Analog Artist Simulation (5)

Run Simulation

Linearita: CP 45 (3)

SPS5 Results

12 Armonica




Linearita: CP, 45 (4

-27.25 y: -18.49 1dB/dB Active 22

X

Window Zoom Axes Curves Markers Annotation Edit Tools Help

" ~ =
Al 2=
= L (]

ol

mouse L:awviMouseSingleSele M: R:sevSaveState (* sevSe

»

Linearita: [P (1

Edit Object Properties |~ Choosing Analyses — Analog Artist Simulation ( |

oK. anal Ay | otuts| rovivs st o oK | ot et oy e
[ —
o = =l Fundamental Tones
Show system W user W CDF # weme  EBpr  Velue  Signl  Scemd
Soves | Fse simcs b ity
o vae gy
byt o :
v Input Port - w o w tem edems nalisvs
Cell Name. S off
: Gontn | onte] st From schnatc
View Name synboll off E
ot
nstance Name  2ORT0 & et o |16 Auto Caculate W
o oo | oty
T Y e
Ivsignore TRUE i off Humber of harmonics. 180
fr— vae ospey
e — = orr
PR—— o
HNoise file name. I off.
oot s[4 o
Resistance 50 Ohng off
: e
For e i o Coanvatve N o e
DC voltage & Additional Time for Stabilization (tstab) 1.
‘Source type sing 5 Save Initial Transient Results (saveinit)  no Ml yes
Delay time I off
ostr
sne oot o
npe ; o
gt a5 = o
[nteT et amere S ot sy J Frequency Variabie? @ no yes
ooy e art varible —
Amplitude 2 I off Select Design Variable
Ampitude 2 (dBm) e ot
Initial phase for Sinusoid 2 off SIEPETE)
- o sar-stp .
Iraquency 2. ] oft S Sn st - sup (0
FM modulation index I off
T
e G ot B
- o ear o s e )
Memosiatnines | ot et mr o s




Linearita: IP5 (2)

Analog Artist Simulation (5)

Run Simulation

Linearita: 1P (3)

SPS5 Results

Armonica da
Intermodulazione

12 Armonica




Linearita: IP5 (4)

Waveform Window 3 — Analog Artist Simulation (2)

Window Zoom Axes Curves Markers Annotation Edit Tools

mouse L:awviMouzeSingleSele M: R:sevsitopEngine {* sevs

>

Stabilita: Analisi Transitoria (1)

Analog Artist Simulation (3)

Status: Ready

T=27 C Simulator: spectre 16

Session Setup Analyses Varables Outputs Simulation Results Tools Help
Design fnalyses ’-{{
Ubi eEEEieT #  Type Arguments. ... Enable :#:RN
Ccell FullyDiffTest 1 tran 0 S00n  mode. . ves =oe
1 -
View  schematic I & ;r
Design Variables Outputs [Ej
#  Hame Value #  HName/Signal/Expr ¥alue Plot Save March
1 FEF 9. 440 1  netlld o5 allv N0 —— Vout (t)

2 Ipol 6. M
: 2%

Run Simulation




Stabilita: Analisi Transitoria (2)

Waveform Window — Analog Artist Simulation (3)

Window Zoom Axes Curves Markers Annotation Edit Tools

Vo (1) 5
out
— Transient Re
il
7N
Q ‘I‘.‘ l\'ll ll'\l l‘l'll I|‘|I ‘I‘.‘ l\'ll ﬂl l‘l'll IHI ‘l\l l\'ll ﬂl l‘l'll ll‘l,
o L A O A A A

O e
- 0p |||\||‘||+||‘|H||H||||\|‘|||H||H||H||||\IH||H||H|||

LN 4.4 |

- RIRIRIRIRINIRINIRIRIRIRIRINY

= on |

| ||\| H l\l' |||‘ ‘||| |H| H |H| ||\| ‘||| lHl H |H| ||\|

l\,ll I'.ll llll‘ lul lll\l l\,ll I'.li llll‘ ll,'l lll\l l\,ll *‘Il llll‘ ll,'l

R sevletlistindfuni’s

mouse L:awviMouseSingleSeles M

=

Stabilita: Incondizionata

S21
>
Zo Zo
S Q So2
—
S12

1+ A2 = |S1 ) — |S»)?
2[8211|812|

K>1, A‘ < 1= Incondizionatamente Stabile




Analog Artist: Calculator (1)

Bandwidth
DFT
Overshoot
Gain Margin
Xmax

Ymax

Analog Artist: Calculator (2)

Calculator




Riepilogo
Introduzione alla Progettazione RF
* Progettazione di Front-end RF
Simulazioni Elettromagnetiche
Tecnologie e CAD Tools
U Low Noise Amplifier (LNA)
U Topologia BCD
U LNA Selettivo Integrato
U Mixer
* Front-End Multi-Standard per WLAN 5-6 GHz

* Riepilogo e Conclusioni




