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o HEiA

o L4k FMIKEALE TD-SCDMAKLE HAL
o I, FRIKL AL A, W3

o STHR A& Ax, WL 349K 1t

o TRAE N Bfe g HE
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A (1)

53 SLAT IR L B
QGaAs,Bipolar T 2 #|4E 84 A5 K%
Qe & ARLELLE, §TEALF M

|||||
R e

sk @, 35 2% (Can Tuner)
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A (1)

o R IBIFER A+ HINTIR BN
QA B S AR SRR S5 4R A W, 3
Q KB &, AT SR A PCB AR _E 4R 2% 3347 ¢4 22 4% 4% [B)
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A (1)

o £ B s IR & AR WL A
QR RILRBHLIFERELNESER L
Q&R 4 B B ik 4 e

Q4. AR ESoCAL TS :
TD-SCDMA e
MR 25 i

L. atl ' . J

J

S8k tHENEKSRAEREATRE [Z. Li, Comlent, ISSCC 2007] EKY
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A (1V)

> ~ > v
o ST A - LA L &
O WLAN: IEEE 802.11 a/b/g. Enable wireless Local Area Network. 2.4G,
5.2G/5.7G and etc...

d TV Tuner: DVB-C, DVB-T, DTMB, 50-860MHz, DVB-S, ABS-S, 925-
2175MHz, Mobile TV (T-DMB, DVB-H, ISDB-T, MediaFLO, CMNMB)

U RF IDs: a small and lost-cost tags. Allows to identify who/where you
are. 13.56MHz, 900MHz and 2.4GHz

Q Global Position System: GPS, Glonass, Galileo, 4t-2-, Operating

around 1.5GHz to know where you are at any places

O Cellular phone: AMPs, GSM, GPRS, EDGE, CDMA, WCDMA200,
WCDMA, TD-SCDMA

O PAN(Personal Area Network): Bluetooth, Zigbee, WSN, WiMax, UWB
EEXEY THERBESRAFZERESIRE BRI
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LA IR & 2 4(1)

o LT HA%: FM Radio

_ _ Oscillator & Audio
[Razav B., RF Microelectronics] Demodulator | Amplifier

: . Power i 5
Modulator § Oscﬂlato_r_E Amplifier | Antenna R; Csi Rﬁ% i
Voo ; : ; |__ ;
| Ry Ca
Dy | A W——H |-
& i ? 5
E Vi : : ~
g : : Q [4 S
& Q.
sl 2R ’
9
=
Vss Vss

(a) AMEK G (FM transmitter) (b) AR (FM Receiver)
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T RATIRBE AL Z 2 (1)

o X% W E AL IR 5% A %: TD-SCDMA

Filter Variable-Gain
Down-Mixer Amplifier

Band-limit Filter Low-Noise I \;\ ADC > RX(1)
Amplifier
JW&A.D_‘
_>.
=B000

Receiver
Balun
Antenna

R

A 4

=lE
(8)

ADC —VRX|F(Q)

b RF Switch Frequency @— 2

Synthesizer

°a

— TXi(1)

PA Driver

Transmitter
Power Amplifier /—
’ &i\ < < DAC <—TX|F(Q)
[Z. Li, Comlent, ISSCC 2007] Up-Mixer T

EEXZ TASAREBRSRAGZERESIRE B



FRAL© 2005-2009, WA AE, RIS

AT A IR ?

o A NE T A I R?

WMETH BKECE | 5 | 24 W | MECE | K | FREE
4# | (GHz) | ## | (GHz)

3-30kHz | 100-10km | VLF | EA%37
30-300kHz 10-1km | LF AKX IR

;j: 300kHz-3MHz | 1k-100m | MF | %3

3 3-30MHz | 100-10m | HF | &7

I Ka | 26.5-40 Q 33-50
gg U 40-60 V 50-75
7 E 60-90 W 75-110
PN

% = F 90-140 D 110-170

30-300GHz | 10-1mm | EHF | # %R
G 140-220
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A LA REFIRRE?

t ok 7% | 530-1700kHz

QA FR 4y 42 3% 3% | 5.9-26.1MHz
RFID | 13.56MHz, 900MHz, 2.4GHz

PR 7 #% | 88-108MHz

D% /,\;gl /ﬂ 9
uir) % = % L‘&‘J AL #% | 54-88,174-220, 300-860MHz
EEEA | T2MHz

> 7 M 5 MNAFFHiEA E | 900MHz, 1.8, 1.9, 2GHz

E A
/1‘:' '7 ’ﬁ? Al WLAN, Bluetooth (ISM Band) | 2.4-2.5GHz, 5-6GHz

UWB | 3.1-10.0GHz
Q&=
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AP R 5 R /Ao B 358G X A
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#245(V, A, dBm)

o AW I WE(R, VA wAL(Z3E, A)
Q& E NV, AV, AV, TRV,

o ST/ B3k HhE (45N £ K, dBm)
Qzh & 4E Pat™Pggm

Vpp Vrms watt(50 Q ) IDdBm(50 Q )
y Vpp VA VP 1NV 0.3536nV | 2.5X102'W | -176
rms = = 10V 0.3536 uV | 2.5X10-5W | -116
2J2 2 2 : a
1mV 35364V | 2.5nW .56
\/ 2 10mV | 3.536mV | 250nW .36
rms
P = R 100mV | 35.35mV | 254 W 16
P —10log P, . 1V 353.6mV | 2.5mW +4
dBm 1 1mw 10V 3.536V 250mW | +24
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AR ZF H IR AR L

o FLIISIN & 4

A
/
Voice D—» Modulator Downconverter || Demodulator -
N\
T Power Low-Noise T Audio
Carrier Amplifier Amplifier Carrier Amplifier
22— p : .
PY &[’i%%ﬂ‘j@i % é}ﬁ [Razav B., RF Microelectronics]
. D < Voice Coding & Pulse >
Voice ADE Compression Interleaving Shaping > DAC Modulator
t Power //\\/
Digital Signal Processing Camier  Amplifier
A < B Voice Decoding & |  |Demodulator| . > Down-
; [>|< DAS DeCompression De-interleaving|" Equalizer &-C converter
Audio Low-Noise
Amplifier Carrier Amplifier
EEXF THEREBRSRAZERESIRE B
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TEH I ENE RIEER

o XA M % QLIEE M. F A Fadt AL RLAT

i 230
A% 45-F45, ARM, TI-DSP%, #4542
QA AT, &ZFAF2RFTEN

QS AL AR 5% FL Ay Pk, fRAE!

‘ RF —» Baseband [ Software
<—

Section Section je Section
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SR S v, WL BRIR

® SIS pk I A — A~ B F AR AR

. IC Microwave
Signal & System Design Theory
SNR
\ l / /\loise Linearim
Communication RF!C Testing /Gain Bandwidth Time\
Theory Design

/ T \ /)ie Area Supply Voltage Power\

RF and Analog IC Design Pyramid

Package CAD Process
Technology Tools Technology
o S INAR PN LR By B HEAR T 8 2 T35
QfF%ISNR

Q% # (Noise) & Ff it 44 & ME 5

Q&M E (Linearity )& Z A 84 M 69 & X425
BOKY EREREHSFAERESREE -
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CADLE

BTy ik

QL F 0 8] 3% 09 SPICE S A ik AT,

QL T 90 /0 18] 3% 69 3% % - #7(Harmonic Balance)7 £ 4=
¢4 (Envelope)ts A

QMEF 90T 5 XKAZ 5 947 (

> 1 Load Line
o 7 Fl EDASKMF Moo ——
_ DS Bias Point
Q EM Simulator, HFSS, Momentum p
O AWR Microwave Office || -
: — ) Vbs
4 Agilent IC-CAP, ADS & RFDE, AVos
 Cadence SpectreRF, Small signal
- Input power and AVps, Alps very small
J Mentor EldORF, -E.ignal swing s.,tayf: in bias point
i - LInear approximations
d Synopsys HspiceRF Large signal

- Input power and AVDS, AVDS large
- Signal swing up to boundaries

EEXZ TASAREBRSRAGZERESIRE B3
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SR £ R W R IR 1R AR

[System Specifications] Weeks
P y y v N
[ System Budget ]4—»[ System Simulation HChoice of Techology 1-2
A g
""""""""" | e
»  RFIC design H Techology File 2-3
@ PR v o v T
Schematic Sim. ]4—[ Device Modeling 1-2
.................. 1
> Layout ]4-»[ DRC, LVS, PE 1-2
F) i ———
Post-Layout Sim. 1-2
.................. )
IC Fabrication 8-12
F) i ———
Testing 1-2

R | ! W

@ 17-25
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HMERBR LY GE

e GaAs/InP
SHEFRE, HBILENE, FLELEATK, 5o/l GRS
MR FhEXKZE Power amplifier

e Silicon BJT
B A E T Lia

MR AKeR B 2K & Low-noise Amplifier
e BICMOS (SiGe)
A AT REICRIE) 5 Z Sk, A2 H8ARIT
R GSMEAH AT 3% W 3%
e CMOS
EH. HERE, BAEF SR F SRR

K GPS, Bluetooth, Wireless LAN, Mobile TV Tuner
XY tREREREAZEREATRE BT

-18-



FRAL© 2005-2009, WA AE, RIS

A4 ZCMOS RFIC?

e #iZ)CMOS RFICK E bty £ 2%
AMNAEE 24 09F R
QCMOSI ¥ 8 & 5 % %

e CMOST ¥ £IRFICH H A4 ?
Azt eem=s, CMOSLZ RiEARFIC
B AL R KT GaAs,Bipolarsdr L7
¥ FHRATR, RFMEEE
Azt A =M=, CMOS RFICH E K& k& H
SHBF /R BE R, BEFEIFINEZALER AR
AR K HEK A 12 pr A
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RAZ A 5 An 23

o T RN

Q 17k 35742,
—R—A %A

a2k # 1K
O 1R B 4

EEXZ TRASREBRSRGZERESRT

T4 B | HEAR WA | ARk
%—= 2/18 1. ipA AL 0.5
R AR == . oy .
2125 2. %7 . 3?%‘]‘.’3&%‘1/@/& 2.0 % xr
=t 3/4 1. FELARIE B (E.37) 0.5
TR IR R B 3/11 2. i L 3¥%q% d g 1.0
3/18 3.MERE, BE, Bflff kELF 1.0 ® =k
oz == 2 X =
=% 3125 | 1. FHEKRFAKE 1.0
WRPARE o [ 2 IR AR BB R AR 10 | Bk
A \?H‘%‘ 4/8 1. RIAE: HRFLR (EH) 1.0
IR
4/15 2. BIRB RSP, NF) () 1.0 # vk
e K 4122 1.0
¥ 2 4129 | 1. Riik G BEERKBILLM 1.0
BAe i & 5/6 2. AL AT 1.0 Rk
5/13 3. MEAREERKRGHR 1.0
“"‘TZ%/\ . 5/20 1 AEZAR: ARXREFBRLEM 1.0 &5k
AR LxeE 5/27 2. KBS A AL R B AT 1.0
% LE 6/3 1. hEAKERE 1.0 ® Lk
FEAKR g
FNG 6/10 1. AR BARRAAT AN 1.0
REMASHMR 6/17 2. REZNEAME 1.0 Bk
B FE R 713 1.0
R EHRE 8/7 0.1-to-6GHz SDR Transceiver
W= E3
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o SLI5IRAR
QAR F &3, 290w, F &34 A
QA w3838 i # 48 (Analog Design Essentials)
QARG Ax W, 34w £ 421X 3T (ELEC6025)
QF SR Lt B4R
Y o
Q-FBF & 20%, ARAE Lk Fa 2
Q&+ EK: 20%
QA REK: 30%
QA2 E : 30%, BA—ANTEH, i TR
5% & iRAET H #2H#CMOS SMIC 90/65nm MPW 7 4
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RH L kol X143 8

o 5t
JRazavi, Behzad. RF Microelectronics

dJohn Rogers, Calvin Plett, Radio Frequency Integrated
Circuit Design

dFrank Ellinger, Radio Frequency Integrated Circuits
and Technologies

® 74\‘%71—;1\_\ ﬁ‘j/\‘LX
JIEEE JSSC, Journal of Solid-State Circuits

JdIEEE MTT, Transactions on Microwave Theory and
Techniques

QISSCC: International Solid-State Circuits Conference

dSymposium on Radio Frequency Integrated Circuits
FExY tREAAESAEERESTRE EKX

-22-



FRAL© 2005-2009, WA AE, RIS

® IXIRAIT
BERL, sl#K, FEXRFHRELTFA
Email: zwtang@fudan.edu.cn
Website: http://rfic.fudan.edu.cn/Courses.htm

W,7%: 021-51355200%4842

® B #L
P&, shAHE, Rk, #dF#4365%, 51355329/5330
o it

QKA R ik ¥, F4£373/365F
Qwww.eetop.cn/bbs#:3z69“Analog/RFICIZ 1" a3k
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