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ST in figures

STMicroelectronics
A(global semiconductor company

Sales by reglon % of 2001 sales \

34 %
Europe v

America o e

/ 02001 Sales : US$ 6.36 billion TN ‘;}h P
© 2000 Sales : US$ 7.81 billion / 36 % }
C

o Over 40,000 employees Asia Pacifi

o 18 main production sites ¢

o 12 advanced R&D centers . 6 0/0 w\/\g\g/
o 32 design and application centers Emerging

*
Q?'d direct sales offices in 27 countries / Markets

* Eastern Europe, India, Africa, South America, Middle East
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ST market segments

B.ala.ncqe:ld__sxﬂlﬁsW
n 1gh gI‘OWt market segments

] Market growth

ST 2001 sales CAGR 2001-2006

100%=US$ 6.36 billion

Communications Computer o
22% Communications

34%
Computer

Automotive

Automotive e
1 1% onsumer

Industrial

Consumer

Industrial
19%

14%
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Sources: ST, Dataguest
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ST portfolio

Broa

d
‘portfolio’

‘ ST 2001 sales ]

100% = US$ 6.36 billion

Focus on differentiated Selective in
products standard products

\/ \/

Memories
& Logic

Telecom
peripherals &
automotive

Consumer Discretes
&
microcontrollers

k.

Differentiated ICs Stand'c_wr_d &
Commodities

:c_',.,.} g .:."...;_‘.b et ii‘,

S
(1580 —_—  -sea M — Ny —
03-02 Crolles Cédric Pujol - Agilent RFIC Design Workshop y° 4




ST applications

Complete product
CSO]U.thHS)for high growth
(applications’

o

Priority segments

Computer Digital Automotive Communications
peripherals consumer

Focus applications
Data storage Set-top boxes Engine/body/safety i Wireless Telephone

Printers DVDs Car radio
and imaging

Metworking Banking

Digital TVs Car multimedia User ID
Monitors
and displays Digital cameras Telematics Security

Webcam MP3 players

(‘) Optical Mouse
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ST and SOCs
A pioneerand leader)

in system-on-chip solutions

System know-how HEEE range =
technologies

Strategic alliances = - __ World-class volume
= — Ik manufacturing

Powerful engines Design
DSP & MCU cores methodology

Delivering SOCs
to market
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ADS ST design kit deliveries

0.35u

0.25u

0.18u

0.13u

BiCMOS6G

BiCMOS7

RFCMOS8

HCMOS8D

HCMOS9GP

BiCMOS9

6.0

3.0

4.0

1.0

5.0

1.0

Available Under development

IFF + Dynamic Link + ADS schematic capture Dynamic Link version only
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Outline

STV0399 Satellite Tuner description
» Specifications, Architecture, Layout, Board

ADS platform
Simulation results
Conclusion
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Motivation

To simulate a whole front-end RF of a single chip
satellite tuner for digital TV

» At system level.

» To specify RF block parameters
» To verify RFIC / Digital blocks interface
» To study digital feedback equalization loop

> At electrical level:

» To evaluate performance degradation with transistor level
blocks

To define and validate a design flow based on
Agilent Advanced Design System simulators
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Satellite Tuner Description
Challenging Design Objective:

Fully integrated tuner from RF signals to decoded digital data

Very low cost external components
Low cost CMOS process (0.18u)

Integrated System Architecture:
Analog/RF design constraints traded with digital architecture
RF/analog blocks, ADC,digital blocks, frequency synthesizers

Main features:
Input frequency bandwidth: 900 — 2150 MHz
Zero |F integration
Multi standard link (B/Q/8 PSK) : symbol rate from 1 to 30 Mbauds
Analog part (including ADC and PLL): 15000 devices
éDigital part: 200K Gates, Clock frequency up to 150MHz
—(/5&
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Block diagram

7
900 MHz 2150 MHz

Nyquist Filter
—> 7 i Forward Error
7 - Correction

Derotator =
>

- Viterbi

Low Pass Deinterleaver
Filter & [y 8PSK/QPSK/BPSK

Loop through AGC Q Demodulator +

i Reed Solomon
AGC Control +

MPEG Stream
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STV0399 board
RF input to MPEG data stream

2 Very few external components

0 Board size = 60mm x 45mm (die size = 16 mm2)
d Very low sensitivity to other RF signals

3 27 MHz crystal
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STV0399 chip picture

Easehand Filter 8AGC1
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Outline

ADS platform

» Digital co-simulation
» Circuit envelope

Simulation results
Conclusion
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Agilent Ptolemy

Based on the Ptolemy code from
UC Berkeley

ADS Ptolemy uses the

Synchronous Dataflow (SDF)

domain for Digital Signal
Processing analysis

(1 11 IR - Agilent enhancements:

» Timed Synchronous Dataflow (TSDF)
domain for RFIC co-simulation
(Envelope)

» Large library of behavioral and time-
domain models for newest
communication standards

» |/O Interfaces: Matlab, VHDL...

S
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ADS Ptolemy Data Flow Domains

Synchronous Data Flow domain

» “Tokens” (data units) are consumed (inputs) and produced
(outputs) by each “actor” (functional block)

» Schedule is constructed once and repeatedly executed

» Digital simulator is launched for each arriving input token
during a pre-defined time step

Timed Synchronous Data Flow domain

» Timed data tokens produced from a timed actor are equally
spaced in time

» Timed data type that can represent a signal as an envelope
and carrier frequency (f,), just like Transient and Circuit
Envelope
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ADS Co-simulation - I/O Interfaces

C++ HDL

SDF Models TSDF

Agilent Ptolemy top-level description

VHDL code by launching Mentor Graphics
ModelSim or Cadence Verilog-XL + NCsim
digital simulators

Matlab models
C++ code

RFIC or transistor level simulators using ADS
Envelope or Transient simulators

ADS Ptolemy
simulations
can incorporate:
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ADS and ModelSim GUI

—| [ bernard_prj] qpsk_stv0399pierre (Schematic):6 I‘ source — s/home/hpads/hpads/hptolemy - ||
File Edit Select View Insert Opfions Tools Layout Simulale Window DesignGuide

el 218l ol =] ool &l =l 2] 2ol Ol Al
A | of 21 5 gl el S md Sl I B el el

VHDL code generated by Visual HOL

]
Digital Sateliite Link with ZIF RFIC

STV0299

FRoot of Design

sEmp_top_399
Library Mame szmp_lih

Creation Date Tue Jan 25 17:42:
Version w5, 2.7 from 29-Nc

Options Used:

Emetear QASk, Target
HDL

structure

hpeesofsim 7583:0
File SmultionSynthesis Text Window

Simulation / Synthesis Messages
Harning detected by HPEESOFSIM in cosimulation setup during netlist parsing.

The Resistor ‘R51° and its neighbors have no effect and are ignored for cosimulat:
Harning detected by HPEESOFSIM in cosimulation setup during netlist parsing.

The Resistor *863,.R3° and its neighbors have no effect and are ignored for cosimu!
Harning detected by HPEESOFSIM in cosimulation setup during retlist parsing.

KT [
| | Status / Summary

HIL port agcli_comm iz connected to ADS port agcli_conm and has precizion of  twc # *+ Warning: There 1s an ‘U’ |["H' "W ['2']'-" 1n an arithmetic operand, the re
: HIL port agelg comm is connected to ADS port sgolg comm and has precision of  tw sult will he "E’(es)!
HIL port ampliBob is connected to ADS port amplifdb and has precision of  unsigne # : 175 ns Tteration: 1 Instance: /sdfdemedvhdl/usernodel/syne/datasp
HIL port bupass_agel is connected to ADS port bupass_agel and has precision of o . . e e e e . .
HDL port sam_top_i is connected to ADS port sam_top_i and hes precision of twos * ;_; Wa.‘]r_rilgg:,xl'},‘ere e UTPESLWOTET - dn an arithmetic operand, the re
¢ HIL port sam_top_g is connected to ADS port sam_top g and hes precision of  tuos ;u ;ima- TTS ns(BS)It.:eration- 1 Instance: /fsdfdemodvhdl asermodelssync/datas
HIL port i_sync iz connected to ADS port i_sync and has precision of twos_comp € ulq/stagail ) ) ¥ P
cl: HIL port o_sync is connected to ADS port g_sync and has precizion of twos_comp f # ++ Warning: There is an ‘U’ "X’ |°W [*Z°|'-’ in an arithmetic operand, the re
IF1l: Data collection is 0,1% complete, sult will he ‘X’ {es)!
DF1: Data collection is 0,2% complete. # Time: 175 ns Tteration: 1 TInstance: /sdfdemodvhdl/msermodel/sync/datasp
IF1l: Data collection is 0,3% complete, olg/stagell

-]
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ADS Circuit Envelope

To co-simulate with transistor level
description

Each input signal is converted into a
Fund. harmonic + a time-varying
envelope

An Harmonic Balance (HB) analysis
provides the initial condition at t=0

Modified HB equations are solved
independently in the time domain, L :

. Fourier series with time-varying
generatlng a Complex envelope for (digitally modulated) coefficients

each frequency N

vt) = real | Vie JOt |
k=0

AN
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Outline

Simulation results
» System level simulations
» Circuit level simulations

Conclusion
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System simulation of the STV0399

Simulation of the entire signal path from input MPEG bits to output
MPEG bits into a single simulation environment

Low Pass Nyquist Filter Forward Error
Filter & Correction

Derotator
—»>

Viterbi
Low Pass Deinterleaver
Filter & 8PSK/QPSK/BPSK
Modulator AGC Demodulator
B/QPSK/8PSK ¢ Reed
Fc=1 to 2GHz e Solomon
BW=1to30Msps

+

VidDISHVI0dElSICIaN ST,

MPEG Stream

Error
Estimation

/03 D Spectrum Constellation
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Transmission characteristics

20 —i@ —ia -a
C/N Estimator
EVM: Error Vector Magnitude Carrier to Noise Estimator is
computed internally by the digital
part using a look-up table. It can
BER: Bit Error Rate be correlated to SNR:

2000 -> SNR = 23dB
(7D
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Simulation vs. Measurement

Carrier to Noise Estimator versus symbol rate compared with
DVB_S standard

C/N estimator vs. symbol rate

—#——  STV0399 with F synthe = 108 MHz
- =#= = Dijgital Video Broadcasting (DVB) standard

—
2
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@
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<
o

Symbol rate (Mbauds)
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Parasitic noise simulation
Symbol rate =4 Mbauds Time = 30000 symbols

: f < CIN=2105)

m1|

o " — T

8 MHz bandwidth
noise added (-25 dBc)

dBmiE61 DF 5]
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Parasitic noise simulation

Time = 30000 symbols for each symbol rate
ADS simulations

CIN estimator

C ]
o
@©
£
?
o
Z
~
@)

1500

1000
10 15 20
Symbol rate (Mbauds)

Measurement sy
S

B @D /A /
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Clock spurious

Easehand Filter 8AGC1
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Clock spurious
Symbol rate = 27.5 Mbauds Time = 30000 symbols

Spurious EEANEEEEEEEEEE NEESEEEEN F_.. = 27 MHz
= = il -

Some spurious
appear at 500 kHz
and degrade the
performances.

dEm{ 561, 0F 5]
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Clock spurious

ADS simulations with spurious

ADS simulations without spurious

-l.
=== o N T T
ol || ol __sdeseedee X ¢ - eeqergipiig
B 2500 -EEEEEJ

10
Symbol rate Mbauds

Measurement

N estimator

C/N estimator
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Phase noise simulation
Symbol rate = 6.25 Mbauds Time = 30000 symbols

1.4

'CIN=2372] '™ [

1.0+

a8

u q.4+

q. 4

i1 a.2]
Lime=3, 970 nsey

Measu E Ch :5t|mutur—2 3? I W -:]l:,' L e e e e e
L"R___k o1 |:||5 i 1s 2a 28 so CEA AR R

—-«.\_\\ﬂ/ | tima, ma=zc »n

1.ME+04 1.00E+05 1.00E+06

W
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=
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=
]
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@
]
o
=
o

Ciffset frequency (Hz)

Measured phase noise
was added in ADS
simulations
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Circuit simulation of the STV0399

Simulation of the entire signal path from input MPEG bits to output
MPEG bits into a single simulation environment

Modulator
BPSK/QPSK/8PSK
Fc=1 to 2GHz
BW=1 to 30Msps

ADS Ptolem

/{8l

T G

Spectrum

Filter &

Low Pass

Filter & I

ADS Envelope :
transistor level

Constellation

Nyquist Filter Forward Error

Correction

Derotator _>

Viterbi

Deinterleaver
BPSK/QPSK/8PSK

Demodulator

¢ Reed
Solomon

+

AGC Control

Vid DISHVIOUEISIHINCIANIGS 11}

MPEG Stream

Error
Estimation
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Circuit simulation of the STV0399

Low Pass
Filter &

EnvOut

Low Pass Selector
Filter &
Modulator AGC
B/QPSK/8PSK
Fc=1 to 2GHz
BW=1to30Msps

ADS Envelope :
ADS Ptolem transistor level The EnvOut selector

allows to choose the
RFIC Dynamic Link ’ ‘ carrier frequency

Cadence A DIS)

database database
IFF

122D translation
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Circuit simulation : time-domain results

A

I

I

W Input bit stream

1

| channel

| ! | ||[||||fl
|""I M |I | ||||' '|}|| i |

an =L

Pass
Filter &

Modulator 1 | l“| | r |
B/QPSK/8PSK | | Filter &
Fc=1 to 2GHz £ || ‘ | A

: |

BW=1to30Msps

1 __,‘|r'|
(A

(EALS | h“rqﬂrl

ADS Envelope :

: transistor level
Modulated signal ! Y
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Circuit level simulation

Aim : To see « real life » designs impact on performances.

BUT real time consuming task

System level Transistor
amplifier level amplifier

CPU Time 1x=47 mn 29 x
Ratio

... FInd a trade-off between speed and accuracy ...
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Behavioral models

Aim : To save time without loss of accuracy

Used accurate
table-based
models derived

| from standard
8 BN B simulations

System level « Model »
amplifier level amplifier

CPU Time 1x
Ratio

(58D
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What we learnt...

Agilent Advanced Design System let simulate a whole
front-end RF of a satellite receiver for digital TV

» At system level using ADS Ptolemy SDF and ModelSim VHDL
simulators

» At electrical level using ADS Envelope simulator and table based
behavioral models to speed-up simulation

» Good correlation between simulation and measurements
» Improved the design itself
» Allowed to explain some problems found in measurement phase
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What we learnt...

However, simulation times are still very long
» for BER estimation
» including phase noise
» and RFIC co-simulation

Need Agilent tools to easily extract table-based models

Next ST developments using ADS as reference platform:
cable, terrestrial, home television wireless distribution
(HiperLAN2: 6GHz WLAN)...

(%D
03-02 Crolles

Cédric Pujol - Agilent RFIC Design Workshop




