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why CMOS?

TOKyO TIECH

Low cost
— Must be biggest motivation
— CMOS is 30-40% lower than Bi-CMOS

High level system integration
— CMOS is one or two generation advanced
— CMOS can realize full system integration

Stable supplyment and multi-foundries

— Fabs for SiGe-BiCMOS are very limited.
-> Slow price decrease and limited product capability

Easy to use

— Universities and start-up companies can use CMOS with
low usage fee, but SiGe is difficult to use such programs.
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fr and operating voltage of CMOS

TOKyO TIECH

f;is higher than 200GHz at 90nm NMOS and enables mm-wave application.

Operating voltage will be around 1V.
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Cost up issue by analog parts /
Tﬂl(/ﬂ'l:'L'H—

PursuingExcellence

Cost of mixed A/D LSI will increase when using deep sub-micron
device, due to the increase of cost of non-scalable analog parts.

Large analog may be unacceptable.
Some analog circuits should be replaced by digital circuits

Wafer cost increases 1.3x
; (0.35um : 1) i
1/O for one generation

Analog

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Digital

0.35um 0.25um 0.18um 0.13um 0.35um 0.25um 0.18um 0.13um

Chip area Chip cost

Akira Matsuzawa, “RF-SoC- Expectations and Required Conditions,”
IEEE Tran. On Microwave Theory and Techniques, Vol. 50, No. 1, pp. 245-253, Jan. 2002
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Technology trend in RF CMOS LSI

TaKyd TEECH—

PursuingExcellence

Analog centric RF CMOS will be replaced by digital centric RF CMOS.

Wireless LAN, 802.11 a/b/g Discrete-time Bluetooth
0.25um, 2.5V, 23mm?, 5GHz 0.13um, 1.5V, 2.4GHz

Digital Baseband

15.4.7: Die micrograph. jure 15.1.7: Die micrograph of the single-chip Bluetooth transceiver.

M. Zargari (Atheros), et al., ISSCC 2004, pp.96 K. Muhammad (TI), et al., ISSCC2004, pp.268
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Technology trend in RF-CMOS LS| 7

TOKyO TIECH

Analog-centric RF CMOS will be replaced by digital-centric RF CMOS.
High performance, low cost, stable and robust circuits,

no or less external components, no adjustment points,

and high testability are the keys. DSP and ADC will play important role.

Analog-centric Digital-centric

=

Signal processing Analog circuits DSP+ADC

Analog processing 4 small and robust analog cks.
+External component

Adjustment External Digital on chip, no external

External components Large # No or less

Matsuzawa
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uingExcellence

RF-CMOS SoC for FM/AM tuner

Courtesy Niigata-Seimitsu Co., Ltd.
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Current AM/ FM tuner system

TaKyd TEECH—

PursuingExcellence

Current AM/FM tuner uses 3 ICs and large # of external components.
Furthermore 12 adjustment points are needed.

Large # of products, but not expensive product.
More efforts for the cost reduction are still needed.

Bipolar IC =1 (RF) AM/FM Tuner for home use

CMOSIC =2(PLLRDS) . .. . .
External Components=187 adjustment points

Matsuzawa ., [l
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Block diagram of current FM/AM tuner

10
TOKyO TIECH

Large # of external components. They should be integrated on a chip.

De—coupling

FM Antenna

Tunig L and varact |

£ 8

LO inductor
KFand Varactor

=

AM Bar Antenna
and Varactor

FM inter-stage
: FM IFT and ; RSSI ~__
Tunig L and varadtor — gopamic filters Capacitors Level —I:_;l; Ceramic resonator
}_ — ‘H:”f——— ] for Stereo decoder
T Q - and LPF for PLL
| FM | FM | FM IF [|_| LIMITER FM | STEREO >~ SW > LEFT
LNA 1 MIX | BPF - DEMOD ~| DECODER |
) > RIGHT
A
LOCAL
0SC (FM) > DEgggER
T Ve
LOCAL S T
CQERIAL -
AM | | AW AN IF AM IFA AM = ytal
LNA | MIX ~| BPF DEMOD Element
for
Y - 1 _E;I: Synthe.
AM IFT and grl—@— I T T
Ceramic filtery _T_ AGC smogthing De-coup| ing
| | Capacitor LPE For Caps for amplifier

shows alignment required

2008.07.03
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External parts used in existing IC 11
TOKyO TIECH

Large # of external components are needed to analog signal processing.

External Parts Blocks to be used

System FM: Single conversion super heterodyne. IF=10.7MHz
AM: Single or Double conversion super heterodyne IF=450KHz or
10.7MHz + 450KHz

Resistor AGC, bias, LPF for PLL

Semi-fixed and RSSI level alignment, volume control
Variable resistor

Ceramic capacitor RF bypass, coupling, de-coupling
Small value capacitor

Electrolytic capacitor | AGC smoother, power-ground decoupling

Inductor RF tuning, local oscillator, IF transformer, FM detector

Variable capacitance RF tuning, Local oscillator

Analog filter Noise canceller, LPF

Ceramic filter FM and AM IF BPF for channel filter

Xtal Osc. element System clock, Reference for PLL synthesizer

Total number of Home tuner and radio cassette tuner : around 165pcs
external parts Car tuner : 80 to 130pcs

Matsuzawa
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Issues and conventional solutions of AM/FM tuner 12
TOKYO TIECH

Application of CMOS technology to AM/FM tuner looks very difficult,
due to lower frequency and high dynamic range.

Lower frequency AM: 522 KHz to 1710 KHz
SW: 2.3MHz to 26MHz
FM: 87.5 to 108 MHz

Larger Inductance and capacitance —— External components

Serious 1/f noise —— Bipolar

High dynamic range AM: 14 dBuV to 126 dBuV

FM: O dBuV to 126 dBuV

Sharp and fine filter ~—— External filters (Ceramic)

External varactors
High linearity ckt. — Bipolar

Matsuzawa  , [kl
2008.07.03 A. Matsuzawa, Titech & Okada Lab.; 1i8i e




1st trial by CMOS technology

Tﬂl(/ﬂ /I-EH—

PursuingExcellence
1st trial to realize AM/FM tuner by CMOS technology,
many external components should be reduced.

Q Can be integrated on a chip
FM inter—-stage

Y Tunig L and varacitor Cerami€ filters Capa

I ~_
—— Ceramic resohator

‘H] - T for Stereo decoder
and DPF for/PLL

FM Antenna |
: FM - _| LIMITER FM | STEREO > SW > LEFT
Tunig L and varagtef > [y —= DEMOD [ [ ™| DECODER |_|
Z; K > RIGHT
I T NI RDS A
0SC (FM >
(FI \ \\\ DECODER B
LOCAL | SINTHES IZER | E— | Ve
n\a\\‘\\ < -
LO inductor 0SG (AW) §§§§§§§Y
KFand Varactor Y —
AM || AM | [ AMIF | | AMIFA | | AW = ytal
LNA MIX BPF DEMOD LPF for Element
. | Synthesizer for
1 1 1 Synthe.
AM Bar Anten A I T :
AM IFT and I % T 1 De-coupling
and Varactor Ceramic filter AGC smoothing Caps for amplifier
Capacitor

Matsuzawa
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Result of analog-centric CMOS tuner 14
TOKyd TIECH—

PursuingExcellence

Characteristics is affected by process variation easily.
Element mismatch causes DC offset, noise, distortion, and low filter performance.
The reduction of # of external components is not attractive for users.

External components 187-> 69

Matsuzawa , (&
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Analog-centric CMOS tuner technology

15
TOKyO TIECH

1st trial was analog-centric CMOS tuner technology.

Circuits have been replaced by CMOS, however still use analog technology.
Thus it had many issues and many external components were still needed.

Parts

Methods for on-chip

Problems

AM/FM IF BPF

1. Low IF( a few hundred KHz)
2.Gm-C BPF with auto alignment,
SCF

1.poor selectivity(-45dB), 2. SCF Switch
noise

3. Center frequency shift by DC offset

4. Poor image rejection ratio (25 to 35dB)

FM Demodulator

Pulse count FM detector

Poor THD (0.5%)

Stereo Decoder

Multi-vibrator VCO, SCF filter

Large variation of free-run frequency
Still need external LPF for PLL

RSSI Level adj. Signal detector with DC Can’t cover all process corner
compensation
Varactor MOS varactor Too much sharp C-V curve, distorted

signal

AGC smoother

Time division charge and discharge

Needs large capacitor for low audio
frequency

Capacitors Stages Direct connection, use High impedance required, Difficult for low
small value coupling capacitor frequency
Matsuzawa , (&
2008.07.03 A. Matsuzawa, Titech & Okada Lab. | i




Issues and advanced solutions of AM/FM tuner / 16
ToOKyO TIECH—

PursuingExcellence

Lower frequency AM: 522 KHz to 1710 KHz
SW: 2.3MHz to 26MHz
FM: 87.5 to 108 MHz
Larger Inductance and capacitance — Digital filter, Mixer, PLL
GHz OSC with divider

Serious 1/f noise — PMOS

Larger signal dynamic range AM: 14 dBuV to 126 dBuV
FM: 0 dBuV to 126 dBuV

Sharp and fine filter — Digital Signal processing
With high resolution ADC
IF Freq. changed from
10.7 MHz to several 100 KHz

High linearity ckt. — High resolution ADC
Switch mixer
Watching desired and undesired signals

Matsuzawa
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Advanced CMOS tuner

Digital-centric CMOS tuner has been developed.

TOKYO i /I-E F—

PursuingExcellence

DAC

> LEFT

> RIGHT

Power
Decoupl ing

CQQ
T
| [ VGG

AGC ¥
FM FM > Anti- |= VGA = ADC H=| DECI. || STEREO
FM Tune ||\ > yix =] Alias b - = LPF || DECODER
or BPF LPF
Eg Cap. A
Array A AGC FMIF FM RDS
LOCAL BPF | DEMOD | DEC
% 0SC (FN)
I AGC =1 AGC GENERATOR
\\\\\\\\\
AGC \\\ | OAMIE | am
Ca. N \\\\\\\\ MIX | BPF | DEMOD
Array eEaUENCY. | | SR |
g%! (A §\\*\“\\\\\\\§ \\\ DIGITAL
| SYNTHES I ZER | \\\\\\\ A DSP

X0SGC

SYS
CLK
GEN

AM Bar Antenna
(No need for Car radio)
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Digital-centric CMQOS tuner

TOKyO i /I'E

PursuingExcellence

One-chip CMOS tuner has been successfully developed.
It can attain high tuner performance and

can reduce the # of external components.

Furthermore it can realize no adjustment points.

Full CMOS one-chip solution
# of external components are 11

No adjustment points

Sensitivity: FM: 9dBuV, AM: 16dBuV
Selectivity: FM/AM >65dB

SNR: FM: 63dB, AM: 53dB
Stereo sep: 55dB

Image ratio: FM: 65dB, AM: Infinity
Distortion: FM: 0.09%, AM=0.25%

Matsuzawa ., [l
2008.07.03 A. Matsuzawa, Titech & Okada Lab. | v




Digital-centric CMOS tuner technology 19

TOKyO TIECH
Main signal processing is done by DSP.
FM \4
I
» LNA —|MIXER > VGA ADC DSP
J +Filter [, SN
A Q A
YR 4
 LNA DSP processes

AM/FM demodulations

Stereo decoder

AM mixer

Channel select filter

Support for image reject

Watch the signal revel and control gain of each stage
Parameter control and adjustment with MCU

NogokrwdE

Matsuzawa
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Demodulation of AM/FM signal 20

TOKyO TIECH

AM/ FM signals can be demodulated by simple arithmetic operations

1) AM demodulation [1+S(t)] exp(jo,t)x exp(— jo t)=1+S(t)
Received Demodulated
signal signal
(DC . .
2) FM demodulation R(t)exp(A]oat T Jde m(T)dT)
Q ! Aw : Frequency offset

a R(t) : Amplitude var iation
y’ dt m(t) : Baseband signal to be re cov ered
0
) > | O=A®t+dem(r)dr
k/ D _ Ao+ K mit)

dt

m(t) can be demodulated

Matsuzawa i
2008.07.03 A. Matsuzawa, Titech & Okada Lab. ;
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Stereo decoder 21

TOKyO TIECH
Te stereo signal can be reconstructed by numerical PLL, mixer, and filter.

S{t)=(L+R)+(L-R)cosnt+K cosm,t

Level Frequency Spectrum of FM Stereo Signal o, :Sub - carrier = 38 KHz

mpzfﬁkﬁtone::19fﬁﬂz

| | |
L +R i i L - R L - R i
| | QIower sideband) (Upper sidebanl)
53K >

0 15PK | 23K A S
i lot tone [ aseban
_ Sub—carrier
: fdmlmt =19KHz —38KHz Frequency
emoaula OI’; LPF L+R . _
- —— Left (L+R)+(L-R)=2L
LR PO it (L+R)-(L-R)=2R
PLL locks the pilot tone and generates 38KHz for sub-carrier
38KHz
ML e | Detestor

Matsuzawa
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Image rejection in low IF receiver |/ 22

TOKyO TIECH

Image signal can be rejected by using I/Q mixer and phase shift.

—>®—> LPE XJ. 90° Vs Desired Image

A 4 A
O O
Vin (t) sin(mwt) Vout(t) InpUt <—IF>:<£>
|
cos(m,,t) ' o
V O)des (DLO Ol)im
2 1
LPF
Output [ L
Image rejection mixer < R
®
Ve . V,, . 0 o
Vi(t) = _%Sln(wdes — o)t %Sln(mw -0y, )t i
vV V.
V,(t) = ges COS((’Odes — 00 )t + ém COS(O)LO — Oy )t
o : Vdes ‘/im
V.(t) > 90° shift = V,(t) = 5 cos(®,,, — 0, )t - 7COS(®LO —o, )t
Vout (t) = Vdes COS(O‘)des o Q)LO )t . .
Image is rejected, however,...
Matsuzawa
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Required gain and phase mismatch /| 2
TOKYO TEECH—

PursuingExcellence

0.1 deg and 0.01% are needed for IRR of 60dB

Conventional IRR: 35dB

101 — IRR: Image rejection ratio
o
= G S AG )

- 2
. (j +(40)
510 o 50aB\-— IRR =
o 60dB |
f10-2 : —+4 Suppression of e

I ~ Unwanted Sideband
1073
. . A. Rofougaran, et al.,
102 2 3456 107 2 3456 10° 2 IEEE J.S.C. Vol.33, No 4,

Gain Mismatch, April 1998. PP. 515-534.

Matsuzawa ., [l
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Image rejection 24

TOKyO TIECH

The dummy image signal is generated by IMO and the controller controls
signal delay and amplitude on Q path to minimize the 1/Q imbalance.

FM
|
of LNA | oo—— MIXER VGA ADC to DSP
Q4 ___J tFilter |, —_
: Q L .
B : Image Rejection Ratio >60dB
IMO Controller
Image frequency oscillator
e S S —VJ—
| Deci.| [|Vari.| [Vari.| R
| LPF | |Delay| |Gain| BPF
From ADCs
DSP \ij IM detect
| Deci.| [|Fixed. R R
| LPF [ |Delay | BPF ]

Matsuzawa

2008.07.03 A. Matsuzawa, Titech M. & Okada Lab. |z |




// 25
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uingExcellence

DRP: Digital RF Processing

Courtesy Dr. R. B. Staszewski, Tl

Matsuzawa 7;‘ 5
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DRP approach for transceivers / 26

TaKyd TEECH—

PursuingExcellence

DRP

Discrete
Time
Processor  A/D
RX front end

Discrete
digital Time | AD
ﬂmP"t'-'l“i'E Processor
conuo P : :
gital Filtering
LO- " AllDigital & Control

PLL

PPA

= Minimize analog and RF circuitry
= Self-calibrate remaining analog (with dedicated processor)

= Relax passive requirements as much as possible
= Digital approach speeds debug and development
Self-test and calibration made possible
* Production yield dominated by silicon defect density

Matsuzawa  , [kl
2008.07.03 A. Matsuzawa, Titech & Okada Lab.; =: g8z




DRP approach for transceivers / 27

TaKyd TEECH—

PursuingExcellence

DRP

Discrete
Time
RX in Processor . A/D
RX front end

Discrete
dig_ital Time AD
ampllttmihe Processor
contro igi ilteri
gital Filtering
TX out L.O. All Dig'rtal & Cﬂﬂtl’OI

PPA PLL TX data

* Move functions to domains of CMOS-process strengths
= QOperate In fine time resolution, avoid fine voltage resolution

= |nductor area could be equal to ~100K gates (use digitall)

= Use switched cap techniques — excellent matching in DSM
CMOS (not sensitive to process variations)

= Logic and switched cap circuits can work well at low voltage

Matsuzawa  , [kl
2008.07.03 A. Matsuzawa, Titech & Okada Lab.; =: g8z




DRP Architecture [ 2
//51:/-/—

Tﬂl(/ﬂ 1

PursuingExcellence

Amplitude Regulation 0.2,1.25,2.5,5,
channel - 10. 15, 20MHz BW
i SRS 450, 800, 900,
Tg 1800, 1900, 2100,
2 E TX data 2500, 3400MHz
S LO clock Transmission bands
gs X
58 GMSK, QPSK,
=y 8-PSK, 16QAM,
B RX 64QAM Modulation
+ Jigite A/D Jiscrete e
RX i - Cac RF In TDMA, FD MA,
data Cuneht CDMA, OFDMA,

IFDMA schemes
I t ¢+ ¢ A T S

Looks almost
Power Management (PM) RF Built-in Self Test (RFEIST) like SDRII

Matsuzawa
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Issues of conventional PLL 29

TOKYO TIECH
Performance of conventional PLL will degrade along with technology scaling.
Functions is not sufficient for future systems.

Charge

i Loop  yco
i Filter

:- :----------;-1

1rref fw:t::

PFD

= Many analog functions = multiple noise sources
= Varactors in VCO are sensitive (high tuning factor, i.e. KVCO)

= | oop filter may be large, leaky capacitors (for open loop
“freeze”), variances in passives...
= Hard to calibrate

= Lock times can be long (>100usec)

Matsuzawa  , [kl
2008.07.03 A. Matsuzawa, Titech & Okada Lab.  fi8::




All-Digital PLL [ 3

TOKYO TEECH—

PursuingExcellence

. : Digital Controlled Oscillator
Frequentglgltal filter

Frequency  detectof ~~ ~Lodgfiter ~ i~

1 |

Command > > > > ‘: -
Word L 1 :
. 4 DCO!

.

1], Gain nor
|

Time to Digital Converter JI

oo —¢[K] I;“""""'?&%E@ """ )

| 1 o

| ToC | 2 $9

| ' N

l ----- Period norm. L |

FREF _ ©
(26 MHz) ¢+ | Retimed FREF (CKR) N

References [2], [3] - R. Bogdan Staszewski et al.

Matsuzawa ., [l
2008.07.03 A. Matsuzawa, Titech & Okada Lab. j ¥




Digitally-controlled oscillator 31

TOKyO TIECH

Pros: Small effect to AM/PM conversion and noise on control voltage.

Cons: Extremely small capacitor L.T 1fF is needed.

t linear ranges

dk>
AC

2008.07.03

V_tu
[ ..-..}

High-speed dithering and dynamic element matching
are used to achieve high resolution (LSB = ~1.5Hz).

A. Matsuzawa, Titech

Vpp

el

ne_high

° pa varactors
g ‘ (—ql ' . %
% Oscillator ' [H]l '
8| traditional Tuning ——
S \ Word
=| deep-submicron = ey — gy o
cnntral valtane - V_tur‘le_|0W ; g AL Ehlgh-z
o Tracking  Tracking : '
| PVT IA.C:C]UISItIOl"]I |nteger | Fract | ) ’
| i i i | Bias d
| | | | | v T
| po=p==eep=— | p==pz—=eep=— | p==dz=eep=— | p==p=—=eep=— |
L ML
| ! ! ! > -
T T T
. 4MHz | 200kHz | 12kHz | 12kHz |
| 6-b | 64-b 64-b 3b _
Binary Unit thermometer weighted Courtesy Dr. R. B. Staszewski, Tl
weighted

Matsuzawa
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Proposed DCO 32

TOKYO TIECH
We proposed distributed DCO to realize fine frequency tuning with
conventional capacitors

Same df . /dC Small df . /dC Large df,../dC
N D

TITTE T
PRI LR 3

Conventional DCO

resonators Distributed DCO resonator
Short end Open end
Small voltage swing Large voltage swing

Win Chaivipas, Takeshi Ito, Takashi Kurashina, Kenichi Okada, and Akira Matsuzawa
"Fine and Wide Frequency Tuning Digital Controlled Oscillators

Utilizing Capacitance Position Sensitivity in Distributed Resonators”

A-SSCC, 16-1, pp 424-427, korea, jeju, Nov, 2007

Matsuzawa , (&
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Measured C to F_ .. sensitivity 33
TOK YO TIECH

Over 100x capacitance to frequency sensitivity has been observed.

9. 500
N
T ~ Outer Step CO
091 400 X
> s 376 MHz
= Q
“8’_9-0 ' 300% Inner Step C6
D ~ 3.45 MHz
< 8.9 200 2
O o _
= o> Min Step C7
% 88t 100&) <100kHz
2
O

0

o
\l

05 1 15 2 25
Distance of Capacitance
from short, total 2487um

Matsuzawa ., [l
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TDC: Time-to-Digital Converter 34
TOKyO TIEECH
Issue: more small delay will be required.

¢ Quantized phase detector with resolution of about 20 ps
¢ DCO clock passes through the inverter chain
¢ Delayed outputs are sampled by FREF

DCOND (M D(24)
DD Do
FREF I -m- | -m- asn
Q(1) Q(24)
Yy VY ¥V ¥ .
IF'-ThermomﬂtEr—Cnde Edge Detector
TDC_RISE
___—» normalizer Q(1:10) Y oot1110000
based on self-calibrated TDC_RISE y K
inverter delay &

Matsuzawa i
2008.07.03 A. Matsuzawa, Titech & Okada Lab. ;




Digital polar modulation | 2
T[ll(‘ﬁﬂ'/l:'f[l;ll—
Amplitude modulation has been realized by RF-DAC. )

PA consists of DAC.

A. Kavousian, D. K. Su, Bruce A. Wooly, “A Digitally

Z
Modulated Polar CMOS PA with 20MHz Signal,” /6
IEEE ISSCC 20007, Dig. of Tech. Papers, pp.78-79, y
e 2007 Decoder
I Digital
— .
Polar HAmMplitude

DecompJ]

2008.07.03
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PA using DAC // 3
I=CH—

Tﬂl(/ﬂ 1

PursuingExcellence

64 small PAs are controlled by digital BB signal.

% Matching

Network
TN ctrile—L, ctri2e—L === ctriNe—L
Wil RF Phasee 5__ - L

_I I— $
Quadrature —l L °
I L *
Clocks "

RF WWVWWMM’

in

2008.07.03 A. Matsuzawa, Titech




Results 37

TOK YO TIECH
16.6MHz
0.0 D & & 6 0 @ & O @
O T e 0 e 89 9 Po=13dBm
20.0 @ @ ® 000D 6 ®© PAE=7.2%
I B BW=20MHz
» 0 @ ® @ 09 O
-40.0L Ho®B & 0 & & 9 O
o s 0 & o B 6 b
-60.0 | . ‘ . & & O & v m D
1.53 1.65 1.57 159 1.61
Frequency (GHz) EVM = -26.8dB
. . ' — Technology 0.18um CMOS, 2P5M
Without ~ 16.6MHz SupplyVoItage
00 § __ With image sgupprz:sion | glrlg\;tearl ;:aa;dgvare ;gx
Output Stage 1.7V
Spectral image (before) Linear 64 QAM OFDM Output Power 14.7dBm
-20.0 |spectral image (before) © 13.6dBm (balun included)
EVM for 64 QAM OFDM -26.8dB
- ' Dissipated Power
| Output Stage 247TmW
-40.0 Driver Stage 66mw
Digital 3.4mW
PAE (for 64QAM OFDM) 8.9%
6.7% (baluns included)
-60.0 1.51 156 1.61 1.66 Center Frequency 1.56GHz
' . Frequené:y (GHz) ' ' Total Chip Area 1.8mm?

2008.07.03 A. Matsuzawa, Titech
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Sampling mixer vs. switch mixer 42
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Switch mixer has almost same frequency characteristics as sampling‘mixer.

LO Vout  Ccan’t use, because of large aliases
oo O
Voltage sampling
. : N ) o f, 2f 3fy 4f, Freq.
This Is a sampling mixer.
Current integration LO v . ~N
and sampling TA o0 O I T Can use
Vsig Vtol T t > | Almost
L 0 f 2f, 3, 4f Freq.> same
Double balanced ._,.V
Switch mixer ——00 out Can use
+Vsi T
< S

2008.07.03

o ) Matsuzawa
A. Matsuzawa, Titech & Okada Lab.
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Passive SCF filter vs. CT filter 43
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Passive SCF filter looks less attractive, so far.

RF BB Pros: Low power

s
Cons: Poor SNR
Still needs an anti-alias filter
Narrow band and low filter order
Poor performance Restricted operating frequency
Not suitable for reconfigurability

Passive
SCF filter

LO

Pros: No needs an anti-alias filter

RF BB Wider band and higher order
CT filter |—

Cons: consumes power

LO High performance

Suitable for reconfigurability

Matsuzawa
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Conclusion 44
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 Analog-centric CMOS technology will go away
— No attractive performance and affected by PVT fluctuation seriously.
— Cost increase for further technology scaling
— Still need large # of external components and adjusting points

« Digital-centric CMOS technology must be right way
— High performance and very robust against PVT fluctuations

— Further performance increase and cost reduction are expected by
using more scaled technology

— No or less external components and no adjustment points

 Digital-RF technology sounds interesting,
however not matured yet.

— Performance is not attractive

Matsuzawa
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__________________________________________________________________________ IF Mixers B Razavi“A mm-Wave CMOS Heterodyne
Receiver with On-Chip LO and Driver,”

| I%I_Fl | |EEE ISSCC 20007, Dig. of Tech. Papers,
i pp.188-189, Feh. 2007.
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S. Emami, C. H. Doan, A. M. Niknejad, R. W.
0.13um CMOSZHULTH60GHzD L —/\—REIHTZE S Broderson, “A Highly Integrated 60GHz CMOS
Front-End Receiver,” IEEE ISSCC 20007, Dig.
of Tech. Papers, pp.180-191, Feb. 2007.
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10.1 A 77GHz 4-Element Phased Array Receiver with
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