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TOKyO TIECH

60GHzH T. B KIGHzE 15D F A A AT RE

DCETENLDZERTI A, .

carrier 57GHz-66GHz
channel-BW 8640MHz(4ch)

symbol rate  6912Mbps
&5 640aAM = #J40Gbps

I
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Motivation 5

TOKyO TIECH
60GHz unlicensed band
| | | | | |
I | ' Australla ! | | |
: Amerlca Canada : :
' | 2 l [] 2
1 [ — Japan: —
:| Europe
57 58 59 60 61 62 63 64 65 66
Frequency [GHZz] [1] http://www.tele.soumu.go.jp

« 9GHz-BW around 60GHz
=> Several-Gbps wireless communication
 Use of CMOS process
=> Fab. cost is very important to generalize it.
RF&BB mixed chip can be realized.

2009/11/10

Matsuzawa
& Okada Lab. 3




60GHz channel plan

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

raKkyqg 'Z.:L'H—

PursuingExcellence

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
2160 MHz

S7
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Overview on TG3c System Design 7

FoKyd TI=CH
e One unified MAC

 Three PHYs optimized for respective and specific
market segments

— Single carrier (SC) PHY
* low complexity, low power consumption and low cost
* handheld mobile applications

— High speed interface (HSI) PHY - OFDM

 low latency bi-directional data communications
» PC peripherals

— AV PHY - OFDM

« optimized for high speed uncompressed video
transmission

« Audio/visual consumer electronics (CE) applications
Ref: IEEE 8§2/45:09.192-003

Matsuzawa
& Okada Lab. i i
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Our target 8

TOKyO TIEECH
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60GHz 2.16GHz-full 4ch direct-conversion by CMOS
QPSK 3Gbps & 16QAM 6Gbps & 640Q0AM 9Gbps
IEEE 802.15.3c conformance

Dynamic power management: <300mW for RF front- end
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60GHz CMOS[EIIREZETIZH T iR 9

TOKyO TIECH
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PassivexF+ND A X 10

7 ﬂl(/ﬂ I-E H—

100um

>

300um

EmEMGND T
BEHEME 10um

BCFRE 1~2um (5 K)
A E{KE ~5um

BERIE+ERICLOAENE
=0.5~1dB/mm @60GHz
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CMOS % E s 70+ R (65nmH X4) 11

TOKyO TIZCH
«—— 10.0pm
= ~
M10 (Thick metal) »
. 7.50pm
M8, M9 —
(Optional level for : e 6.50pm
Power/Ground)
_— 4.50pm
M6, M7 —
(Global wire) _~— 3.10pm
m2~ms — s =
(Intermediate wire) e ( . 1’_45!"“
— 1.15pm
M1 ~_— 0.85pm
(Local wire) -— 0.55pm

http://www.tamaru.kuee.kyoto-u.ac.jp/~tsuchiya/LSI-3D-CG.html

‘BIZE->TEHEERENELS
Cuﬁﬂﬁli INYTAZILIZEKY VD E DN EER
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CMP (Chemical Mechanlcal Polishing/Planarization)

Erosion Dishing

~
faigiA=

CMPIZELBBEINLSZEF LT =8I,
FE—FRTEANT.  BBIEEEZ—TEIZTHIRELNH S,
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Dummy metal in TL 13

roKyd TizCH—

PursuingExcellence

To avoid random production of dummy metal, it is manually
placed to keep good reproducibility.

BiimiiEiia BiiEiimIi|mcie

R

/ Ground mesh —

Manually-placed—
dummy metal

\ Signal line /

o

wmd e E e e e

2009/11/10 M?&”ékd%b ;




JU) FrpES %iﬂﬁd)fﬁ I$1 14

TOKyO TECH
60
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60GHz CMOSA/\XR rEREt~AD7JO—F/ 17
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PursuingExcellence

|

Inductor@5GHz

Transmission line@60GHz

e SIZHLIR. EFRIERDELE (FEAFI2UR)
» FEFEOEEDHER
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Tile-base layout 19

roKyd TECH—
. . PursuingExcellence

Each component is previously measured and modeled

The same layout is utilized to maintain modeling accuracy.

5mm

A b e

v

GND-Tile

RF PAD | i
2009/11/10 M%ﬂékd%b




In-house PDK | 20

TOKyO TIECH

lop_meas

Top_pdk

Capactos {model) | harma TL gl

== ¥ MIMTL

Trnsmission Lina (modal)

=<=== TL with L/T

& atarn FRELTIE pRSNE ] e — .
Sl R ||| & {E{EﬁDCprobe

£ & |
PMOS & & + 1o REF PAD

¥ A araclor (PDK) 1 MIK Capacilor (PRIK)

T Te o Each component is
X7 7 MM |implemented as an in-house
RLaragion PDK for Agilent ADS.

e SR M O S C ap
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Overview of device characterization/ 21

rokyd TizCH—

PursuingExcellence

Initial T.O. for Modeling
« Transistors (CS, CG with various layouts)
« Transmission line (various length & Zo)
* Branch & bend line
« Spiral inductor
« Balun
- « Series capacitor
Initial T.O. - Decoupling capacitor
« De-embedding patterns
« 1-stage amplifier for the model evaluation
« DC probe

EWRFRFEZTREER YRS 1=6.
ETULTITEEICEE
Second T.0O.

« Circuit building blocks
* Whole system

Second T.0O.

2009/11/10
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Transmission Line Modeling

7.54pum
0.2um 0.3um
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PursuingExcellence

—Meas|

70 : : .
65l .. ... .. |—Model
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20 40 60 80 100 0 20 40 60 80 100
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a

1~ Model
] ; ; E_M%&
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Frequency [GHz] Frequency [GHZ]

Chip photo Q B
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Transistor Modeling

24
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60GHz CMOS PA:s%: 25

TOKyO TIECH

o [EIFRIERK
- EFULIULERFERANTES
— 4-stagefghik
— CMOS 65nm
i //\I]J:E%:I:%
- RFDETIVIICEY, V2alb—2avORENR L
e Sim.-Meas.28Z% 5dB = 0.5dBLLF

20| —>im.

™ 50Q TL E B 15| - -PDK-/

= MIM TL E Emﬁﬁ‘:" £ 10 I,
o ] Tomp TrwE Ol

WE@EM r

e =140 0

IND—TF 2 TRBEX

0 20 40 60 80 100
Frequency [GHZ]

o pRFNF DRI EFRER

2009/11/10 Mz%i‘fé‘;vﬁab.




Chip micrograph 26
60GHz CMOS PA
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Measurement results

217
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Measurement results 28

TOKyO TIECH
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Measurement summary

TOKYD TIECH

Reference Technology [Erﬁg] ? dagT [;;z] PA[E;:(]@P [rF;i’AC/] VoD [V]

[4]3SSCC 2007 | 90nm CMOS 6l| 52| 64| 74 21 1.5
[5] RFIC 2008 90nm CMOS 63 14| 11| 15 81 1.2
[6]ISSCC 2008 | 90nm CMOS 60| 8.2| 8.2| 24| 229 1.2
[7]1SSCC 2008 | 90nm CMOS 60| 5.5 O 8 80 1
[8]1ISSCC 2008 | 90nm CMOS 60| 13.3| 10.5 8| 150 1
[9]ISSCC 2009 | 65nm CMOS 60| 15.8| 2.5/3.95| 43.5 1
[10] ISSCC 2009 | 45nm CMOS 60| 13.8 11 - - 1.1
[11] MWCL 2009 | 90nm CMOS 60 30| 10.3 6| 178 1.8
This work 65nm CMOS | 61.5 200 9.9| 6.7 144 1.2

[4] T.Yao, et al., JISSC 2007(Tronto Univ.) [5] T.L.Rocca, et al., RFIC 2008 (UCLA) [6] T.Suzuki, et al., ISSCC 2008 (Fujitsu)
[7] D. Chowdhury, et al., ISSCC 2008 (UCB) [8] M. Tanomura, et al., ISSCC 2008 (NEC)

[9] W.L. Chan, et al., ISSCC 2009 (Delft Univ.) [10] K. Raczkowski, et al., ISSCC 2009 (KU Leuven&IMEC)
[11] J.-L.Kuo, et al., MWCL 2009 (NTU)
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