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L Gave birth to Silicon Valley

1956

OTI's first IC

QJack Kilby and the first and-held calculator
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Why the Emergence of Silicon

1 Silicon Bipolars emerged with great performance —
now good enough for RF!

J Can have digital and analog/RF on the same chip.
1 RF/Analog integration easier.

1 Have complementary devices (CMQOS) — very useful
for analog support circuits.

1 Cheaper.
1 More mass production available in world.
 Yields are better.

- Generally more mature and better characterized
technology than GaAs.



Wonderful Silicon Germanium

JAddition of Germanium to Base improves

performance:

dHigher Ft

JLower Noise

Better Early Voltage .
L%
JNegative: Cost more.

Power

JNow performance comparable to GaAs!
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Why RF CMOS ?

dWith scaling, performance good enough
for RF with latest technologies.

INot better than bipolars at same node.
_1Cheaper than BiCMQOS, arguably.

JIMore compatible with a larger number
of foundries in the world.

JBetter compatibility with digital since
same devices.




SIA CMOS Roadmap
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Real Examples of Silicon Chip

Atheros 5GHz
WLA_N complete Digital LNA/Mixer
receiver — no PA

0.25um CMOS Synthesizer
technology only Baseband
VGAs/Filters
Highly Integrated,
Compact. Note Transmitter

Number of I/0,
and mixed digital
/analog stuff




Really Real World Silicon

Silicon Laboratories:
Raising CMOS
to the Power of RF

Above: Silicon
Labs 2G Cellular
“"Aero” Module

Right: Huntech
BT Complete
Module with
Single Chip Radio
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® Bluetooth: Alcatel

PA




Really Real World Silicon

DCXO:
digitally-
compensated

crystal

oscillator A bluetooth wireless transceiver SOC An 802.11g WLAN SOC
Alcatel, 1ISSCC'01 Atheros Communications, ISSCC’'05




Commercial Applications

JPagers.
115t Application - Just about dead now.

dCellular
d1G, 2G, 21/2G, 3G.
JWireless Networking:
1Bluetooth.
JdZigbee.
JWLAN.
JWMAN.

JWireless is transforming our society,
and Silicon is the technology to ride
the wavel!



WPAN Example Network

Key for Wireless Links
e Piconet 1

Piconet 3




WLAN Example Network




WMAN Example Network

KEY Metro Core - OC192/0C768 Startup
@ Opto-electro (10/406bps) Founders
interface

Access Point

e \\/ireless Link
———W.ired Nets
— QOptical Fiber

Engineers

Engineers
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Silicon chip TX/RX with
The Future integrated antennas and

filters now available!

The ?2??
???7? Possible Trends
1. More integration — on chip
PA, Single chip
Age o £ Transceivers.
RFIC 2. More digital pushed into RF

— software defined radio.

3. Next technology node in
future — New flavor of
Silicon, for example Silicon
Carbide.

4. Extinction of Bipolars

>
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Discrete Passives
SAW Filters, Inductors

Deep Submicron
Digital CMOS
with discrete FLASH

Analog
CMOS

Power Management

High Voltage CMOS

l‘l/-ll—l‘EEl
HJ 1AL

m DSP

= RAM

| = FLASH
3! = Radio
= Analog

= Power
Management

m Passives
m Discretes
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=V_ cosw.t+m,V_ cosQtcosw.t

I
g —>

__»%MOD= Vepac Vi x10

-U% f-ElJ Yfﬁ }:E VPEAK +VMIN




HBEEGE SRR (BAHEE L) 2ERR

V(1) =V, cosw t

+ % m,V,, cos(w, +Q)t+ % m,V,, cos(w, —Q)t
‘ IVE
BB GHINEN: P. = Evcm

2 2
e A pistsEs: p o (MVen)” M p

iﬁ'@%ﬁfﬂﬁﬂ@%‘x%%ﬁﬂ: PAI\/I — P -+ P — (1—|—



IR/ NG
o S SHIEREMAHIESTIRL, FSEENa%RLRT
IS RO, RERRHU XM SR SR
o VRIS P A A, — WA RRRRBIFE, 5
—HA R HITHE RGPS S H5

® WU R : PnETRNEAE S B b BT 58 B L A IS 5 AT 5

FE I £ ﬁM%ﬁFEMﬁF% PR TRAS 5 B o B
WmEFTE —XEEZRN, BIL, XMIEETRENREZIR
A _ERH A

o FIREPITRA R BTN, B O HIRNL T & HZhHE
ZH. RN, SAEENERESELFN, BEIR
H AL TE T oA KA S D) —

FLLE. B, WASHEA KSR ARESRE, i
8 B T A1) A R kL




1.5

0.5

1.5

0.5

0.5+

1.5

0.5




° R%%—/l\iil%ﬁ‘]iﬂ'llm a?%’ﬁﬁﬁﬁlﬁmw, A LAk

® 1] 75 0 Hl i EEﬂ% S’JJjJKRn o AEMT. 5%

%E’Jﬁﬁ EIEJ
) R 71 R 5 -

/
/
s
/’
/]
’
/
s
|
|

ERIE T T H R SEILIX i e T 2
f

TR LB E 4y
O

fc— f+F

min “c



| A

o 1E 5% U5 1) W s 430 2% B B s A 4o B 1A 1145 5 2R A A 3 D7 2K
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® E5E: IS Lﬁfbﬁﬂ& ML FERIENR T, &%
WAL B KRG SHE SRR
¢ BER (Bit Error Rate) : Average number of erroneous

bits observed at the output of the detector divided by
the total number of bits received in a unit time

® Power Efficiency: Ability of a modulation technique to

preserve the fidelity of digital message at low power level

€ Signal energy per bit to noise power spectral density (Eb/NO0)
required at the receiver input for a certain probability of error

® Spectral Efficiency: Ability of a modulation scheme to
accommodate data within a limited bandwidth,
dependent on the data rate
€ Throughput data rate per Hertz
€ Upper bound( Shannon’s channel coding theorem)
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Basic Concepts

® Baseband Signal: Defined as one whose
spectrum is nonzero in the vicinity of
w=0 and negligible elsewhere P/\

® L F T It R
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Data
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Data
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IS

® |S| (Intersymbol Interference): Each bit
level is corrupted by decaying tails
created by previous bits due to limited
channel bandwidth

vln D_W—I—c vaut
Vin _] Vin
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® The eye diagram provides visual information that can be
useful in the evaluation and troubleshooting of digital

transmission systems

® The eye diagram is an oscilloscope display of a digital
signal, repetitively sampled to get a good representation
of its behavior

Figure 1. Transition Pattern 011 Figure 2. Transition Pattern 001 ) .
: Figure 5. Sample Eye Diagram
Von - Von
Vo F—— | VoL
I I I | I I
0 0
1 2 1 2 Resulting
Figure 3. Transition Pattern 100 Figure 4. Transition Pattern 110 .".,n'r E]I"'B
Vou : Vor : | I !
\ . o 0 1 2
Vo : : : Voo :

i T i i ] |
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Amount of distortion Signal-to-noise at
(set by signal-to the sampling point
noise ratio)

Time variation
of zero
crossing

|deal

Best time to sample (decision point)
most open part of eye = best signaltc- noise

Amplitude (noise) and phase
(timing) errors



Constellations

® Signal Constellations: Representing a
waveform as a linear combination of
“basis functions”, ignore the basis
functions and plot all possible values of
the vector in cartesian coordinates.

xps(t) = A.cosant, 1fb,
— ."-'lr COS wn !, i1 .-{J”
Xpsk() = aygn(r) + a1 (1)
= [ot) az] - [@1(2) @a(7)],
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Noise and Constellation

ASK: Xxasxl(t) = A cosw.t, 1ifb, = 1,

= 0, if b, = 0.
=TT QT . .
u t’ U ﬂ “ “ t 0 +Ac Oy
(a) (b)
(g
+AC% .+ Decision
.~ Boundary
FSK
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® BPSK: the binary baseband data selects
one of two opposite phases of the carrier

Baseband

P (t)=+A;cosw.t ®—\ia—>
xgpsk (t)
P,(t) =—A_cos®.t @J

® BFSK: the binary baseband data selects
one of two carrier frequencies with equal
amplitudes

| O =

|
b
0

Baseband 1

Data
P (t)=A.cosmt . Decision
.~ Boundary
xprsk (t)
p,(t)=A cosmﬂ@J
; " e
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MSK & GMSK
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Binary S/P cosyf cos( .t
‘:}—-p-x{t) -0 o
Data Converter sin@ 4t sinm .t
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Ty Gaussian
- Filter
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