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60GHz channel plan
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IEEE802.15.3¢C
Ref: IEEE 802.15-09-192-003c with draft doc.

Al 57.240 58.320 59.400 1760 0.227

A2 59.400 60.480 61.560 1760 0.227

A3 61.560 62.640 63.720 1760 0.227

A4 63.720 64.800 65.880 1760 0.227
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*PAMDP1dB>10dBm (PAE>10%)
«LNADNF<6dB

40Gbps(64QAM) DR RE

*PA, LNAD LEEE

VCOMDNLIFHME < -95dBc/Hz @1MHz-offset
« ADC >10bit, 3.62GSps

DAC >12bit, 3.62GSps
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Why CMOS? 9
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3W CMOS PA 11

’”"/”’f”—
- GSM/GPRS Quad-band»t its
PAE
51% in low bands (GSM 850) (35dBm)
45% In high bands (GSM 900) (33dBm)

 2-Million device-hour of operation without a single failure under
full power and elevated temperature
o Zero field return in more than 10Million units shipped.

TINA ZADEREN THEUNVG

e T | ¥ IXTHEREEMEC
|.Aoki et al., ISSCC, 2008. (Axiom Microdevices)
Matsuzawa
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Our target 14
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60GHz Tripler|__| ‘_6\)_> _________
whiiQ ke QPLL QrLL Digital Base Band

h =%
\%4 & : $ s ch
8b x3+6b 8b+3b. . pe=sees
/I ! 1 I Iﬁi f DAC
| ]

8b 8b x2 Reg. bank [0 e e e

60GHz 2.16GHz-full 4ch direct-conversion by CMOS
QPSK 640QAM 40Ghbps
IEEE 802.15.3c conformance

Dynamic power management: <300mW for RF front- end
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RFID |3 5
&g WCDMA RFID

DTV , WIMAX
PDC @ 9 Bluetooth

B WIMAX
% | Gsm || wimax WLAN | | UWB

— Y9 - Y 4

PHS WiMAX uwb

0 2 4 6
FREQUENCY [GHz]

Mobile Communication Device

- More multi-band/mode functions
- Smaller size

- Lower power operation

R MEEH/N—F BARFIOVAIVREDUFY T TER
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AVAN uplink downlink 5

| 1920 ~ 1980 MHz 2110 ~ 2170 MHz | BA(FOMA, au, SB), 727 . BRI %
I 1850 ~ 1910 MHz 1930 ~ 1990 MHz | k& (PCS 1900 CHFIF)

1l 1710 ~ 1785 MHz 1805 ~ 1880 MHz | Ex/# (DCS 1800T+HFF)

\Y 1710 ~ 1755 MHz 2110 ~ 2155 MHz | *E

V 824 ~ 849 MHz 869 ~ 894MHz KE. =M (GSM 850THFIA)
VI 830 ~ 840 MHz 875 ~ 885 MHz B (FOMA, au)

VI 2500 ~ 2570 MHz 2620 ~ 2690 MHz | Ex
Vil 880 ~ 915 MHz 925 ~ 960 MHz B (GSM 900 THF )

IX | 1749.9 ~ 1784.9 MHz | 1844.9 ~ 1879.9 MHz | B A&R(FOMA)

X 1710 ~ 1770 MHz 2110 ~ 2170 MHz

XI 1427.9 ~ 1452.9 MHz | 1475.9 ~ 1500.9 MHz | B& (IB>F474>)

LTE~®D %G (Band 12,13,14,17,33,..,40)
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Mobile phone 800MHz, 1.5GHz, 1.7GHz, 1.9GHz, 2GHz

(+ 800MHz, 900MHz, 1.8GHz, 1.9GHz for GSM)
(+ 1700MHz, 2100MHz, 2600MHz,... for LTE)

WLAN 802.11b/g/n, Bluetooth 2.45GHz

WLAN 802.11a/n 4.9GHz — 5.875GHz

GPS 1.2GHz/1.5GHz

DTV 440MHz — 77/0MHz

UWB 3.1GHz — 10.6GHz
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CMOS 90nm

FTR: 9.3MHz~5.7GHz
FOMT: -210dBc/Hz
Pdc: 59-11.2 mW

FTR [%]

0 50 100 150 200
—130¢ ' oM = 160 dBo/Hz
sl 7 —
asoll ) T —

“160ff/— >~ — — — =@ — ecdmeit,
1701/~ =14 [22] —=—IMF— — — s 5, —

FoM [dBc/Hz]

~180 [181 [51° [231:.—_3:-"“ nary”
o * 2

# Pure CMOS Technology IMPROVEMENT OF FoMTr
£ CMOS with MEMS OSO0I CMOS X BiCMOS A SiGe-BiCMOS
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Single chip transceliver 27
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m Now m Future

e Conventionally, PA is fabricated in compound
semiconductor such as GaAs

* Recently, CMOS PA is under hot debated to realize single
chip transceiver

2009/11/5 M%ﬂékd%b




|solator-less transmitter 28
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e Function of isolators

- Maintain PA’s output impedance 501
- Protect PA from reflected wave

The isolator is not necessary if PA has 50 output
Impedance

m Conventional m Proposed

Isolator

Reducing off-chip

Ben component

TYY

Multi-band
duplexer

Multi-band LO Multi-band LO
A YYY [ *a
BB Multi-band BB
duplexer

s
' 50Q

£

"0
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Output iImpedance tuning 1 29
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If ry =00, DC
R +R, , 1 cut 3/T°
Z..=——=— /IR, +jal) |
out
1
When f = Om
27w~ LC I-:
(Resonance frequency) Rs
5 R + R, / L = | -
out g.R.+1 CR, R, : source impedance (50Q)

R, : inductor parasitic resistance

Tune C to cancel imaginary part of Z_,, at arbitrary
frequency
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Output Impedance tuning 2 30
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DC
Zout = Rf +RS I = cut L c
g,R, +1 CR_ |
|
e Tune R; to match Z,,, to 509 R 1 Lout
«Z,, depends on the value of I: Om

C, so R; needs to be change
according to the matching
frequency -

Rs

R, : source impedance (50Q)

R, : inductor parasitic resistance

In fact, ry, Is small... # Cascode topology iIs used

2009/11/5 Ay e




Schematic of the proposed PA 31
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\'/ DD

Parallel T VDD:3'3V

resonance

Out+

I
 Change output matching band by switching C and R

e Differential topology for 3dB larger P,

e Class-A bias
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Comparison of CMOS PAs 33
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Technol | Vp | Frequenc | P, PAE@peak | Area Output
ogy [V] | v [GHZ] [dBm] [%] [mm?2] | matching
[4] 0.13um N N o .
REIC 04 | CMOS 20(120~80| 7~10 | 2(@1dB) Wideband
[5] 0.13um N _ 3~16 .
ISSCC '09 | CMOS 1.5|05~50|14~21 (drain eff.) 3.6 | Wideband
[6] 0.18um N N N .
T-MTT 07 | CMOS 2.8 |3.7~8.8|16~19 8~25 2.8 | Wideband
[7] 0.13pm N N N . .
1SSCC ‘09 | CMOS 30[10~25|28~31 18 ~ 43 2.56* | Wideband
This work 0.18um 33[09~3.0|20~22 11~ 23 1.03 | Tunable
CMOS | ' ' '
*With distributor
2009/11/5 M‘ Matsuzawa |
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1.8 R
1.6

14 | %

' ITRS2008
1.2
0.8

CITRS2000 N

0.6 .
0.4 \.\‘ Leakage current

0.2 & Process fluctuation

O ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] I
1999 2004 2009 2014 2019 Year

vdd [V]

The voltage scaling is required again.
Low-voltage circuit design is challenging.
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Low-Voltage LC-VCO 38
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* Transformer-Feedback VCO can
operate with a low supply voltage.

e 0.5V and 0.35V VCOs are reported.
[1] K. Kwok, and H. C. Luong, JSSC 2005

e Class-C VCO achieves 196dBc/Hz of
FoM.

o Startup Is an issue of Class-C VCO

under the low-voltage condition.

[2] A. Mazzanti, and P. Andreani, JSSC 2008
2009/11/5 Y e




Impulse Sensitivity Function (ISF) / 39

Voltage
Waveform

Case 1l

/

Case 2
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Phase is NOT shifted

/

Phase is shifted

N[ 1

ISF—

[3] A.Hajimirl,

VARV 1

and T.Lee, JSSC 1998 o=
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ISF

ldeal Current

0

Conventional
LC-VCO p n P n 0
0
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Current Conduction of Class-C VCOs / 41
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ISF 0

ldeal Current | | | | |
0

P

Class-C VCO /\ /\ /\ /\ /\
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Current Conduction of Class-C VCOs |/ 42
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ISF 0

P n P n P
o NANAN
Dual-Conduction
Class-C VCO | | | | |

(This work)

Class-C VCO

0 ~_,
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Class-C VCOi2 43

-|1llbias = Cai

[2] A. I\/Iazzant-i, et al.,

JSSC 2008
2009/11/5
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Veff = Conventional LC-VCO

0 t

Veff =
Vgs —Vih} Class-C VCO
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"/\/\/\/\/\
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Dual-Conduction Class-C VCO (Proposed) / 44
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for start-up

/
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Dual-Conduction Current Waveform/ 45
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" Class-CEIEFE
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Dual-Conduction Current Waveform / 46
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lds1+]ds2
Dual Conduction

(proposed)

Vod1=0.12V (®1=0.27)
lds1

Vod2=0V (®2=0.5T)
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Comparison of Current Waveforms / 47

Dual Conduction realizes A
a narrower current waveform. [

Proposed ll

®o=0.4T1T

Single Conduction
(conventional)

2009/11/5
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lds1+]ds2
Dual Conduction

(proposed)
®=0.5TC & 0.2TT

Conventional




Analytical Comparison 48
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Single Conduction Dual Conduction {\
(conventionlal) (proposed)
Vod=0.05V (®0=0.4T) Vod1=0.12V (®1=0.27)
PN: -106dBc/Hz-1MHz Vod2=0V (®2=0.57)
Pdc: 168uW PN: -109dBc/Hz-1MHz

~0M: 188dBc/Hz = = pyc: 162uW

—o0M: 191dBc/Hz
2009/11/5 (*) Vdd=0.2V, A=0.15V, Vih=0.5V, fo=5GHz, Q=10




Chip Micrograph 49
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e 0.18um CMOS process
 670um x 440um for core area
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Phase Noise Measurement
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1M

100k
Offset Frequency [HZz]

-140
10k

-104dBc/Hz@1MHz for 0.2V

Vgbias1=0.45, Vgbias2=0.55

fo=4.5GHz

-109dBc/Hz@1MHz for 0.3V



Performance Comparison 51
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2] [1] This work
0.13um | 0.18um | 0.18um
Technology cmos | evos | emos 0.18um CMOS
vdd [V] 1.0 0.5 0.35 0.3 0.2
Ppc [mW] 1.3 0.57 1.46 | 0.159 | 0.114
fo [GHZ] 4.9 3.8 1.4 4.5 4.5
Phase noise -130 -119 -129 -109 -104
[dBc/HZz] @3MHz | @1MHz | @1MHz | @1MHz | @1MHz
FoM [dBc/HZ] 196 193 190 190 187
Class-C Transformer
Topology (single) toedback Class-C (dual)

[1] K. Kwok, et al., JISSC 2005 [2] A. Mazzanti, et al., JSSC 2008
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