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CMOS

A. Matsuzawa, “ Design Challenges of Analog-to Digital Converters in Nanoscale
CMOS,” IEICE, Tran. Electron., Vol. E90-C, No. 4, pp. 779-785, April 2007.
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110 Wafer cost increases 1.3x
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RF SoC

Wireless LAN, 802.11 a/b/g Discrete-time Bluetooth
0.25um, 2.5V, 23mm2, 5GHz 0.13um. 1.5V. 2.4GHz

SoC

RN IR IR IR Rt e

1 5.4.7: Die micrograph. All anal og/RF jure 15.1.7: Die micrograph of the single-chip Bluetooth lransceiver.

M. Zargari (Atheros), et al., ISSCC 2004, pp.96 K. Muhammad (TI), et al., ISSCC2004, pp.268
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DAC

CAL-ADC measures non-linearity of DAC
and compensates it’s non-linearity by CAL-DAC with logic
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lowa state university, ISSCC 2003
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The dummy image signal is generated by IMO and the controller controls

FM)

signal delay and amplitude on Q path to minimize the I/Q imbalance.
7 IRR of 60dB can be realized.
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v CMOS
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/

T 0

T. Sepke, J. K. Fiorenza, C. G. Sodini, P. Holloway,
and H. Lee, “Comparator-Based Switched-Capacitor 4
Circuits For Scaled CMOS Technologies,” IEEE, ; i i i
ISSCC 2006, Dig. of Tech. Papers, pp. 574-575, Feb. | | |
2006. * * *

2007/10/19 165 Matsuzawa Titech




10Dbit ADC
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8bit ADC
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6.4bit PAd=9mW

L. Brooks and H. Lee, “A Zero-
Crossing-Based 8b 200MS/s
Pipelined,” IEEE, ISSCC 2007,
Dig. of Tech. Papers, pp. 460-461,
Feb. 2007.
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65fJ/conv. ADC

VQP’ VQN
J. Craninckx and G. Van der Plas,
“A 65fJ/Conversion-Step 0-to-0.7mW 9b Charge-
Sharing SAR ADC in 90nm Digital CMOS,” IEEE
= /A - /A g - 'I:SeiCZCOSgJOOZ Dig. of Tech. Papers, pp.246-247,
™ QP _JTTTTIIIIIIIICT ' '
INp - :2: 1:
— — e _ N o
Cre Cse N\ e Qrer =2.2'Cy-Vpp
]! [
e | i i i
L £
o | G N o
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CLK | Track Sample Reset cp[0..N-2]  Pre- Comp
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FoM=65f]/step FoM
LT | T R, 20MH3z
m% \HHHP\ R | H}H ‘H»T‘T
O S L LM\MJMMLMM\ || 7.8bit
ol Doy | I EEETE P PETE T
Sl p = 7osuw | T T T I T T 20MHZ - 0.3mW
| HHHH L | FoM=651J/step FoM
1k 10k 100k 1M 10M
Input frequency [Hz] 90nm CMOS 1V
ISSCCO06 Fs P FoM FoM includes
Paper # Arch. [MS/s] ENOB [mW] [fJ] Ref. | Clock | Dec.
3.1 CTAZ 40 12 50 300 - Yes Yes
3.4 AX 4.4 12.6 13.8 500 No No
12.1 PL 100 9.4 39 570 - -
12.3 Subr. 50 10.4 30 440
12.4 PL-CBSC 7.9 8.7 2.5 760 - -
12.5 SAR 0.1 10.5 0.025 170 No No
12.7 PL 50 9.2 15 510 - -
31.1 Flash 1250 3.7 2.5 160 - -
31.5 SAR 300 5.3 2.65 220 No Yes
This work | CS-SAR 20 7.8 0.29 @ Yes | Yes
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DAC ADC

analog
input
o AAF |
[ S
!
I
+ ——
REF | 4
- l DAC
M. Hesener, A. Hanneberg, D. Herbison, F. ‘ -
Kuttner, and H. Wenske, “A 14b 40MS/s . . s
Redundant DAR ADC with 480MHz Clock in “ Logic Jdigital
0.13um,” IEEE ISSCC 20007, Dig. of Tech.  thermo. bmary output

Papers, pp.248-249, Feb. 2007.
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40MHz

0.13um CMOS
Supply voltage |1.5V
Input range +0.9V diff.
Sample 40MHz
frequency
Internal clock 480MHz
frequency
Analog power |49mW
Digital power 17mW
Total power 66mW
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J. Craninckx and G. Van der Plas, i:

“A 65fJ/Conversion-Step 0-to-0.7mW 9b Charge-
Sharing SAR ADC in 90nm Digital CMOS,” IEEE
ISSCC 20007, Dig. of Tech. Papers, pp.246-247,

Feb. 2007. IN p
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AP

AXERREEFILROBIICT 1L Z—ZEL,
BT tEIZADACRLUTAREZI A TEEOTHS,
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X(2) D NLCN 4 " Y(2)
Qn:
Z—1
H(z) 1
Y(z)= X(z)+ Z
2) 1+H(z)z™ 2) 1+ H(z)z‘lQ”( )
STF (Signal Transfer) NTF (Noise transfer)
EX. 1

H(z)=7,= STF(z)=1, NTF(z)=1-z"
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A> SNR
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L. J. Breems, et., al.
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ISSCC 2007, pp. 238-239.
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IF Near IF

2 /A ADC
Image Amplitude i
IE N\ p Desired
X channel 1/f
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\\
T | i -
-10MHz DC +10MHz
) BW 20MHz
Near IF
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1/f
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Image
rejection

r i
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90nm CMQOS

90nmCMOS SNR

20MHz, DR(=SNR)=77dB, 50mmW, FoM=200fJ/conv.

Technology 90nm CMQOS, 1P6M e —
Supply voltage 1.2v 0 ! ' ]
Architecture CT quadrature cascaded A modulator (2-2, 4b) =
Sampling frequency 340MHz —0
Bandwidth 20MHz @ 10.5MHz IF N -60
Max. input voltage 1Vp (differential) % -80)
Dynamic range* 77dB (97dB @ 200kHz, 115dB @ 3kHz) § -100;
Peak SNR / SNDR* 71dB / 69dB -120
Image rejection >55dB (for -1MHz input tone) -140|
Active chip area 0.5mm? -160|
Power consumption 50mW (analog), 6mWw (digital) =B e e 5 % 75 T
Figure-of-merit (FOM) 0.2pJ/conv. (FOM=P/(2"enob*2*BW)) Frequency. (Mg}
(*AIMHz input signal, signal bandwidth is 20MHz)
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LNA

LNA

NF (1dB 1.5dB

2007/10/19

RFCMOS
LNA
NF ( )
VDD . .
VBias2 VBias5
RBias2 RO
OUT+ _ RBias5
M2 | D =
Cel °—| M4 VDD T
VBias4 M5 |_
2R1 |
IN+ |
O ||j> M1
o_ll_: M3 R. Ramzan, S. Andersson, J. Dabrowski, and
] C. Svensson, “A 1.4V 25mW Inductorless
VBias3 Wideband LNA in 0.13um,” IEEE I1SSCC
~ < 20007, Dig. of Tech. Papers, pp.424-425,
Feb. 2007.
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0.02mm?

NF
Technology 0.13um CMOS
Voltage Gain 17 dB
Frequency range 1-7 GHz
NF 2.4 dB at 3 GHz
1P3 -4.1 dBm
1dB CP -20 dBm
Power consumption

25 mwW

(1.4V supply)
Active Area 0.019 mm?
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DAC

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

Modulated Polar CMOS PA with 20MHz Signal,”

IEEE ISSCC 20007, Dig. of Tech. Papers, pp.78-79,
Feb. 2007.
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o1~

Decomp

Decoder

D/A
//
6 '
Digital
HAmplitude
| Phase
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8 o8 08w B 5
EVM = -26.8dB
Technology 0.18um CMOS, 2P5M
Supply Voltage
1 Digital Hardware 1.8V
Driver Stage 2.2V
Output Stage 1.7V
Linear 64 QAM OFDM Output Power 14.7dBm
13.6dBm (balun included)
EVM for 64 QAM OFDM —26.8dB
Dissipated Power
Output Stage 247TmW
Driver Stage 66mwW
Digital 3.4mW
PAE (for 64QAM OFDM) 8.9%
6.7% (baluns included)
1.66 Center Frequency 1.56GHz
Total Chip Area 1.8mm?
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RF

Dcu
|_1 S(0) 5(1) 5(2) 5(3) S(4) S(5) 355} _lsm
LO/8 eV {E ;u ST
SBZ
SAZ il
L o1 +—IFOUT_P
o e [T (L TN T (e Tl T e
RFIN PB FBy FA
s - = - s . g -
T —_—Cb
g PA
—Ch _l_Cr _l_Cr T(':.r Cr Cr _l_Cr _l_Cr _l_Cr EI_RES —l_
AVSS BANK A BANK B e
DIN_DM —— —1_FBCK_P
pIN cM—>| DAC | "FBcK ™
To Negative
K. Muhanmad (TI) et al. Side
“All-Digital TX Frequency Synthesizer and Discrete-Time Receiver for Bluetooth Radio in 130-nm
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(JSSC Vol.39, No.12, pp. 2278-2291, Dec. 2004)
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60GHz

CMOS
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90nm CMOS

RF Mixer

60GHz

IF Mixers ~ B. Razavi“A mm-Wave CMOS Heterodyne

165
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Receiver with On-Chip LO and Driver,”
IEEE ISSCC 20007, Dig. of Tech. Papers,
pp.188-

189, Feb. 2007.
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60GHz

CMOS 2

0.13um CMOQOS 60GHz
N ;ooneeemmmme e :
‘ B60GHz :
: Mixer

' Doubler

- 29GHz :

S. Emami, C. H. Doan, A. M. Niknejad, R. W.
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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Fig. 1. n-clement phased-array transmitier. Y

52GHz Quadrature IF Distribution
VCO  Upconversion Mixer Buffer

A. Natarajan, et. al., IEEE, Journal of Solid-State Circuits, VVol. 40, No. 12, pp. 2502-2514, Dec. 2005.
A. Natarajan, et. al., IEEE, Journal of Solid-State Circuits, VVol. 41, No. 12, pp. 2807-2819, Dec. 2006.
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Fig. 21. Comparison of theorctical and measured array pattern with two
clements and with four clements active.
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71GHz

10.1 A 77GHz 4-Element Phased Array Receiver with
On-Chip Dipole Antennas in Silicon 0.13um SiGe-CMOS
A. Babakhani, X. Guan, A. Komijani, A. Natarajan, A. Hajimiri

California Wistitute of Techaiology, Pasadena, CA IEEE ISSCC 2006, Dig. Technical Papers, pp.180-181.
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l:ll'b-dq).d
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Z

Figure 10.1.1: Chip, board, and lens antenna setup configuration.
Figure 10.1.3: Receiver block diagram.
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