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*57GHz~66GHzE T FRATH TOREN—IL

TOKyO TIECH

BPSK: 1.7 Gbps

2160 MHz QPSK: 3.5 Gbps
—> 16QAM: 7 Gbps
1760 MHz

“—>

Ch.2 Ch.3

o/ 958 59 60 61 62 63 064 65 66
Frequency [GHz]

IEEE 802.15.3c

IEEE 802.11ad 802.15.3¢-2009, IEEE Std., Oct. 2009. [Online]. Available

http://standards.ieee.org/getieee802/download/802.15.3¢c-2009.pdf
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2006 (2 (X GaAsHE fiiZ ALY T60GHzD ET 1—ILHSEREL TN -

LAMLEAS, BEAZaANM YR DERET-4ih,
R—RANRFITHREL, T—HeiEEEL50MbpsiEE THoT-.

XEE®D 21N ZEEI21-0

fre:
ANT
ANT | 59,01~61.5] 15 dBi

Mix AMP BPF AMp @/ |GHZ
-11dB 18dB -2dB  18dB

AMP BPF  AMP Mix
18ds -2dB 18dB -11dB

3~5.5GHz
P iFin:
-15dBm

14.0025 GHz
2dBm

0osC
o—o !
Vee Vob Veont, Veont, Vop Ve
-10V 30V 20~30V 20~30V 30V -10Vv
(320mA) (35mA) (35mA) (200 mA)
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QPSK (N=2) , BW=1.7GHz-> DR=3.4Gbps

CNFETHORE  16QAM (N=4), BW=1.7GHz > DR=6.8Gbps
16QAM (N=4), BW=4.0GHz > DR=16Gbps

5% DHE 64QAM (N=6), BW=4.0GHz > DR=24Gbps
K i 64QAM (N=6), BW=8.0GHz > DR=48Gbps
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RX 1 output (Rx)

6-dBi ante] R :
x4 = B ' S0 input (Tx)
¥ PP 2 «'i'l ~ ¢

S ITNEEES

N/

16.3mm x 14.4mm

[3] R. Suga, et al., EuUMC 2011
2013/1/23 Tokyo Tech
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BB chip | with 6dB| antenna [3] BB chip

Al
------

BB board RF boar E
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Tx mode Rx mode /
Control BB PHY RF board RF board BB PHY Control
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TOK 7O TI=CH
Channel/ ch.1 ch.2 ch.3 ch.4 ch.1-ch.4
Carrier freq. 58.32GHz 60.48GHz 62.64GHz 64.80GHz Max rate
Modulation QPSK
# % 4 * * * G 7 i W
Constellation
W % & i 4 | b5 & 3 ¥
10 10 10 10 10
0 0 0 0 0
=10 10 -10 -0 -10
Spectrum 1 3 JW\\‘ ﬂ ﬂ /ww\.
-30 =30 -30 =30 -30
-40 -40 -40 -40 40
55.08 58.32 61.56 57.24 650.48 63.72 59.40 62.64 65.88 651.56 654.80 68.04 59.40 62.64 65.88
Back-off 3.8dB 3.9dB 4.4dB 5.0dB 4.4dB (ch.3)
Data rate* 3.5Gb/s 3.5Gb/s 3.5Gb/s 3.5Gb/s 8.0Gbls
(ch.1-ch.4)
EVM -21.2dB -21.6dB -21.4dB -20.1dB -17.3dB (ch.3)
Distance** 1.3m 1.4m 1.6m 1.6m >0.01m (ch.3)

*The roll-off factor is 0.25. The bandwidth is 2.16GHz except for Max rate.
**Maximum distance within a BER of 10-3. The 6-dBi antenna in the package is used.

2013/1/23 Tokyo Tech
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- — . Py— TOKyd TI=CH
16QAMTEHEEN WV X TL—ar i dont=
Channel/ ch.1 ch.2 ch.3 ch.4 ch.1-ch.4
Carrier freq. 58.32GHz 60.48GHz 62.64GHz 64.80GHz Max rate
Modulation 16QAM
O M I £ v L ] - R 4 ® ¥ 4
& < i 5 K oo { e L LA R % A Eon
Constellation .
€+ om PO 4 v S R v % & € R g oA Fow ok »
* oy o e £ oy p weagn w0 SIS B ka3
10 10 10 10 10
0 0 0 0 0
-0 -10 -10 -10 -0
Spectrum 20 J"\\‘ -20 ﬂ -20 J‘k& 20 20 )f‘-\"
-30 -30 -30 =30 =30
-40 -40 -40 40 40
55.08 58.32 61.56 57.24 6048 63.72 59.40 62.64 65.88 61.56 64.80 68.04 59.40 62.64 65.88
Back-off 4.4dB 4.6dB 5.0dB 5.7dB 5.0dB
Data rate* 7.0Gb/s 7.0Gb/s 7.0Gb/s 7.0Gb/s 1(2;:0hG;o)ls
EVM -23.0dB -23.0dB -23.3dB -22.8dB -23.0dB (ch.3)
Distance** 0.3m 0.5m 0.5m 0.3m >0.01m (ch.3)

*The roll-off factor is 0.25. The bandwidth is 2.16GHz except for Max rate.
**Maximum distance within a BER of 10-3. The 6-dBi antenna in the package is used.

2013/1/23 Tokyo Tech
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23dB (high-gain mode)

9dB (low-gain mode)

< 4.9dB (high-gain mode)
-14dBm (low-gain mode)

Injection PLL

19.44, 20.16, 20.88, 21.60GHz

Ref. spur

<-58dBc @ 20.16GHz

Locking range

1.4GHz

Quadrature ILO

58.0-64.7GHz (free-run)

Phase noise@1MHz-offset | < -95dBc/Hz (every channel)

2013/1/23

Tokyo Tech
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— TOKYD TECH
60GHzTFE D EFvRILCHERREE S5&E - (EE ARFEIFEE R
Arch Max. rate |Distance for BER Ppc
* |in 16QAM |<1073 (Tx/Rx)
ch.1-2 (EVM < -17dB)
Etmﬂ Direct 1162'&2 [[1]] 2.7m (BPSK/QPSK) /ngrznn\:vw
0.2m (8PSK/16QAM)
CEA- 1,357mW
LETI [5] Hetero | 7Gb/s - | 454mW
| ch.2-3 (EVM < -19dB)
SiBeam | otero | 7Gbls 50m (LOS) 1,820mW
[6] 16m (NLOS) [ 1,250mW
| ch.1-4 (EVM < -23dB)
Iv'yfk Direct |10Gb/s | 1.3-1.6m (QPSK) f’;g;“n‘:"w
0.3-0.5m (16QAM)

[1] K. Okada, et al., ISSCC 2011 [4] H. Asada, et al., A-SSCC 2011 [5] A. Siligaris, et al.,
ISSCC 2011 [6] S. Emami, et al., ISSCC 2011

2O13H35 Tokyo Tech




4 g5 LL X (RF+BB) 20
TOK 7O TI=CH

HADDAF Y RILETODEZMNAEELZRF+BBFYT

16QAMZ ALV T6.3Gbps DB EEIGIEXFEE N TEHR

Integration (D1%t3 ;ﬁ)e Ch. Poc (TXx/Rx)

1,357TmW

CEA-LETI [5] | RF (Hetero) |3.8Gb/s - | 454mW
. 1,820mW
SiBeam [6] |RF (Hetero) [3.8Gb/s  [Ch.12 | | oro
. RF:319mW

Tokyo Tech |5 ol oGl [RF+BB: oy 4y | /223mW
(This work) | ita|gBB 6.3Gb/s ' BB:196mW
9 / 398mW

[1] K. Okada, et al., ISSCC 2011 [4] H. Asada, et al., A-SSCC 2011 [5] A. Siligaris, et al.,
ISSCC 2011 [6] S. Emami, et al., ISSCC 2011 [12] C. Marcu, et al., ISSCC 2009

2O13H35 Tokyo Tech
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Constellation

HARAEEDT—2L—F16Gbps)&EH,

TOKyO TIECH

-

9506 points

19912 points

13502 points

42024 points

Modulation

QPSK

16QAM

QPSK

16QAM

Symbol rate

1.76GS/s

1.76GS/s

5.0GS/s

4.0GS/s

Data rate

3.52Gb/s

7.04Gb/s

10.0Gb/s

16.0Gb/s

EVM
(withDFE)

2013/1/23

-30.5dB

-28.2dB

Tokyo Tech
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N
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¢ direct-conversion
o other arch.

18
— 16 & -
g 14 Tokyo Tech |4 iz mapa
O 12 QPSK+163AM ]
"g 12 16QAM
Univ. of Toronto S IMEC
5 6 UCB \ SiBeam C;A-LETI 1_
! N %
2 |-NEC.? OOK— FSK > Toshiba
0 OOKY
2007 2008 2009 2010 2011 2012 2013
Year

2O13H35 Tokyo Tech



23

TOKyO TIECH

60GHz CMOS RF[EIE&EZETDRA -

2013/1/23 Tokyo Tech



CMOS O ##l1t & RF[E]ER & RE 24

TOKyO TECH
RFEIFEDE KM GE (FIF, /A4 X) FRBHIZIET NS RADff TRES
ML=k YCMOSDf, f_ [F S %M LTS

NF<4dB at 60GHz [XCMOSTErkL TLV%

G ..~ J ms NF_. =~ 1+[fc j\/l.ng(Rg +R,)
fc fT
2500 2500
f fr z
2000 max 2000 D
(m]
1500 CMOS . ° 1500 _
(o) (m] o CMOS [ o
e oog:_g_g_gks| P o gUg:oo| P
n n
g ]
: 88coo GaAs , | 88°°° GaAs
2010 20'15 20'20 20'25 2030 2010 2015 2020 2025 2030
O Bulk CMOS

A Ultra-Thin-Body Fully-Depleted (UTB FD) SOI

0O Multi-Gate MOSFETs ITRS RFAMS 2011.
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IBIEARERET L, A XRE, NATRERE, \VE—FRTYFUT

THhYTI T EEHZDES
50Q2, 0.8dB/mm - _
”EE -

Ist, 2nd stage = 3.4 4th satge = MIM TL for dec.

T4—RNYDIRZADELEHEHMCGHZTHIRMECS
Feedback pass

7" Lossmin z .z
: Gain max M MGain max:
| N Matching
network
Amp. 1 Amp. 2

2013/1/23 Tokyo Tech
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MU RIVL VTV ER—RICLE, [1VE—SUREAEE, |
FSUR, NIV, ThYyT )T BEEMHELT-

Transformer
Transmission line in - out+
0.8dB/mm : E
Manually-placed dummy metal ' ——
Vbias| wwr S ——— | 80um
signal(10pm) GND —— §i_Eslit=S
/ wdummy =—— i £o55]
:\ / GND out-

GND Decoupling capacitor

GND GND

"\ M1&M2 shield

2013/1/23 Tokyo Tech
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EESHEADORARBFEDRENHDHE16QAMESICISIZEL,
EVvrRYBRNMET IS5, ~BARBRZHRBLTARREEZMNA D,

fio (60GHz)

Down-conv.

P (S 'nputmatching |pter-stage and
A ] output matching

—
1.76 GHz-BW 0 0.88GHz
Gain Flatness 0odB 2dB 3dB
BER ~0 1.3e-5 363
o8 RO B
b & gk n I8

Constellation

2013/1/23 Tokyo Tech
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De-coupling
=2 v T-Line 20
Vi1
20
160 4 m
o RF’
150 um out

300fF

RF} o4
T L
IEIONE N4 EE

[hh = s | S - —o- O
s i
- C o and U APaANRG 0
) 1230um > 56 57 58 59 60 61 62
RF Frequency [GHZz]
LA47 Ik

2013/1/23 Tokyo Tech
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This

M1 | 120 | B | 14 | 581 | 18] | york
Tech. 90Nnm | 90nm [|90nm | 90nm | 65nm |[90nm | 65nm
Topology| €S | Cas. | cas. | cs cD.-i:;' Cas. | CS-CS
#Stage 3 2 2 2 3 3 4
BW
[GHz] 5 6 8 - 7.7 14 17
Gain
[dB] 150 | 14.6 | 155 | 12.2 19.3 20.0 24
NF [dB] 4.4 5.5 6.5 6.5 6.1 6.8 4.0-7.6
Power
[MW] 3.9 24 86 10.5 35 36 30

[1] E. Cohen, et al., RFIC 2008 [2] T. Yao, et al., JSSC 2007 [3] S. Pellerano, et al., JISSC 2008 [4] B.
Heydari, et al., JSSC 2007 [5] C. Weyers, et al., ISSCC 2008
[6] Y. Natsukari, et al., VLSI Circuits 2009

Ning Li, et al., ESSCIRC, Seville, Spain, pp.342-343, Sep. 2010. _
2013/1/23 TOkyO TeCh J.’ “,‘ ‘i“ “‘ MatSI;.Zﬂ;Vaa Lk :.;:l.f!;!;):'.__
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M2
M1

1 ﬂl(ﬁﬂ TECH—

ursuing Excellence

MT l AX: -0.8dB/mm

|

7.54um

0.2um 0.3um E*& DZ& I}H(@T:&)
1,22 X E R —ILRIZFIFE

FE—D4IEFEHTHAL

2013/1/23

signal(10um)

=

\gap(15um)

EiE O R KR
2.5
= 20 Dummuy fill
E 15 Auto
11]
O, 1.0 ! Manual
3 05 //’_ﬂ-‘
0.0

0 10 20 30 40 50 60 70
Frequency [GHz]

Tokyo Tech
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ZEEBICE A3 YTV ADBFRIR
0.0
-1.0 Vallnana
2.0 //-O.Sd B@60GHz

/d

-3.0
40l /

0 10 20 30 40 50 60 70
Frequency [GHZz]

0 10 20 30 40 50 60 70
Frequency [

2013/1/23 Tokyo Tech
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BEDODREBETEHAIREZSCL, /1 VE—F XD ERBEBENATSVE
[CHSHELDT, MIMBEZRAWV-2H8EHEBEDTHYITIV T BRELXHRHE
SQONEWLVEFEA U E—F U REHBT-,

- Measurement
Proposed Model

0 10 20 30 40 50 60 70
Frequency [GHZ]

2013/1/23 Tokyo Tech
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A —F2N)—ik
YR ERELELBAERE y g ?
FO—TRF Ik RER ﬁ Zﬂ:'zs =z ﬂz

Thru (short line) structure Pad model
L-2L %
L (200um)&2L (400um)DIEE R TRITE
(e} > r \-1
NYRDHDFMEEE (S Sl (L€ G| [S G G|G
ﬁl‘ﬂ S Sle||S S||e|S S ‘ s|s
G| L [c] |[s 2L Gl| [e] L [s IS
- -
Tlpad Ty 'Trpad '(Tlpad Ty - Ty - Trpady ipad Ty 'Trpad = Tlpad ) Trpad

A. M. Mangan, et al., IEEE Trans. on Electron Devices, vol. 53, no. 2, pp.235-241, Feb. 2006
N. Takayama, et al., IEEE Asia-Pacific Microwave Conference (APMC), Singaporg, ec. 2009.
2013/1/23 Tokyo Tech Y
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TOKyO TIECH

CEBRBOFEA L E—F U RE2DD AT
AIN—F V)= ETIIERERBRRICESGELMEFEA L E—FT XD
BREBRICKYERLGLH->TULVS, L2LETIFE—HLTLVS, — L2LEAFEENF LY

AI—F2N)—ik L-2L %
70 70
‘ L=200m ‘ "
= 60 = 60 1L=200 'm
401 =400 m 1 400 um
30 30
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Frequency [GHZ] Frequency [GHZ]

2013/1/23 Tokyo Tech
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TOKYD TIECH
Z B T OEBEBTIEIARDYTNEEIZLYRERELZERTES

I:_,_ —hNIZEkY60GHzT6dBLDFBT7YITMNTES
°T| f
f T

C max
cc}&‘_o 2\/Rgnggd /(Cgs +ng)+(R9 o TR Yy
C COEMERT S

cC
0L| 35
30 — w/o cross-coupled cap.|
- % 25 'i\ — w/ cross-coupled cap. ||
REFvUHIL = % \\\\
©
| I | ><
'-{ }----ﬂ ‘U 10 %
1 mnm E
i E- 5|
1
0 | | | | |

— 0 20 40 60 80 100 120
Cgd-Ccc Frequency[GHZz]

| I |
1
H Y. Natsukari, et al., VLSI, June 2009.
c I W. L. Chan, et al., ISSCC., Feb. 2009.

2013/1/23 Tokyo Tech
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I

JARNYTIVEBEZANSILT, EEREENMEFSNDDT
BRSO RERAHAEMT S

= oo =5
fFizE REFRE
-10 40
| 1
201~ _ 30
1 o
m -30 / "g ] \ \
© 4 "] « 20
T / ]
S 40 1/ /// 2 \
@ -50 | 8 107 3
: — w/o cross-coupled cap. ® \ ]
-60 ' ] \Y
]I — w/ cros.ccupled cap. {— wio cross-coupled cap
70 1= . . : . : . : : : : : : : : : : : : -0 1— \INI Icrlosjcolup!edl calp. L . . . . .
0 10 20 30 40 50 60 70 80 90 100 110 0 10 20 30 40 50 60 70 80 90 100 110
Frequency [GHZz] Frequency [GHZz]
2013/1/23 Tokyo Tech
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16QAM% X 3 5IZ(X-90dBc/Hz@1MHzL T DG/ A XA E

2013/1/23

ZTNFETOD60GHzZHE IR FHiREF (L -76dBc/Hz@1MHZFEE

K. Scheir, et al., ISSCC, pp. 494-495,Feb. 2009.
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2 | 16QAM

> — —or 8PSK

Q

y 1 -

X 1| AM-AM of PA—— QPSK
o & 1 (u] O O =} =L i
-100 -98 96 -94 92 90 -88 -86 -84

Phase noise [dBc/Hz] @ 1MHz offset
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60GHz osc. ® QlEAMEL.
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FARBUICKYEWERADFERBDMEE, JYENHERESRTHETLISENTES,

" " " " " " . t

owp [VVVVVVVY

INJP INJN N \/ Y v v v \/ \/ \/ v v v \/ v \.
o] fo T

Injection

parallel injection FEAEBICHEINRHTHETRREMNELL

[FIHH T (OvA) FTEAESICKTE
JBEINEL LS HAMICOvINKECRZS

Eesouags PN, = PN, +20log(N) N&EE#%

Lo _ wo Iin' ]'
OvoLIY Aw. = 07 e 7 N=3D &% 9.5dB
oScC L.
1— 2m]
IOSC
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60GHzDE X VCOIZ20GHzDPLLTA > H3avAysENTBEEE
-96dBc/Hz@1MHz D) B iF75{B A8/ 1 X &R,

’5"‘4l/|7 ra/N—232 016 QAMAYE B EHE o 1=,

ZNFETHD60GHz ERXVCODHitH/ 1 X[E

. -76dBc/Hz@1MHZzFE &
% INJ 0
g TR |
5 20} - [|ILO(Freerun) -y o (Locked)
N —° Ty o Y,
5| IN £ ! i
g < aof- ¥ - -
m
Z 60 [H \---- A4 1 1 A
.g [ \
S 80 F-+-tiHH----4-FhHi™ Q:F -
= : 20GHz PLL
8100 F [ o By
o [ N
A20 |- -F 1 1 1 T\t:;
140 L m |
1K 10K 100K 1M 10M

Frequency (Hz)

A. Musa, et al., in A-SSCC Dig. Tech. Papers,
pp. 101-102, Nov. 2010.
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NMOS 3EE(D 1>/ \— 2SRRI, 150MHzDIERE AT 1 B2 Lt
50GHzDESEH AL, 3NEEER

Technolo 40nm 1P8M
Y | cmos
Operating 133.3GHz -
frequency 151.3GHz
Phase noise -135.6dBc/Hz
@1MHz offset
Power 12mwW
dissipation @Vpp=1.6V

Circuit size

8.8 x 5.3um?

Divide the pulses - control oscillation frequency
Free-running

Agilent 08:47:11 May 9, 2012

Mkrl 48622 GHz

Ref -48 dBm Ext M -46.31 dBm
Peak
Log S
SB/ ‘ System, Alignments, Align Now, Al required
| Sigrial Tdent On, Amptd Uncal
‘\
i
|
W sz =
$3 FS| A
- S .
Center 48.62 GHz Span 1 GHz
#Res BH 1 MHz #WBH 10 kHz Sweep 81,25 ms (481 pts)
[ 1
0
oL S
UT T -40
m
| S, -60
% -80
e
c -100
o
0w -
1 § 120
-
o -140
-160
1k

M. Fujishima, et al., SSDM 2012
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Locked

Ref - xt Mix

Pesk [ - . 4 Q -
Log

6

dB/ Sy

Mkrl 50,800 GHz
4007 dBn

tem, Alignments, Align Now, All required
Stgnal Tdent On, Amped Uncal

Span 1 GHz
Sreep §1.25 ms (401 pts)

I ]
* .. Free-running output
Locked output Mo
-135.6dBc/Hz  —*
10k 100k 1M 10M

Offset frequency [Hz
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=R EERATEAD T, EBASRIRNATETH S,

410 GHz 486 GHz
E. Seok, et al., ISSCC 2008. O. Momeni, et al., JSSC 2011.
45nm CMOS Push-push Oscillator 65nm CMOS 486GHz
205GHz oscillation with 410GHz using Triple-Push oscillation

harmonlc output 11mA @ 1.5V -7.9dBm from 61mW Pd.

T

°
']
=
L
L]
[+]
L}
‘ﬂ
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oscC I

T I.sinp=1_sin6

I. .
dol(t) . @, ~ -
- - (a)o — a)inj)— @; Sln{go(t)} 20 Josc

Locked state

VDD do(t) _0 olt)= Sinl(wo - wmj] _ Sinl{Q Q(wo — @, ] IOSC}

Wy

30

L 20 1 degree-> 0.05%

10 30MHz@60GHz

0

-10

Vi“ | (w. ) -20
°—| inj \""inj
-30
59.48 59.98 60.48 60.98 61.48
Free-run frequency [GHZz]

4_
-
Phase Error [degree]
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BiEFwOMLIZE, EREEZTIFOILENHY,
BEREEDTF T T14THIHNBLE

1010 4 ; ; ; ; 100

10° 1
—_— 108 -;___

< Vp=1.00V, P,,=10 dBm
O vp,=1.00V, P,,=5 dBm
A V,,=0.75V, P_ =5 dBm

out

out

10

-—
o
~

106 §
105 {
104 §
10° 1
102
10" §
100 +

Alps (%)

Lifetime 1t (s

0.01

1 102 104 106 108 1010
Time (s)

1V pg (1/V)

[1] E. Takeda et al., IEDL 1983
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MAIEIZED, REBAFIILDOBSDRDICKYEUBEHE
BHRENMEZLBEINHD

W Transmission line
o R _R, cu R, cu
i r/ﬂ %
M1&M2 shield
I ¢ 0.12 0.12
1 T
0.88 0.55
* *
180nm 90nm 40nm
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HE®R-{EEHADC

SIRAN—RIN\VRE

2013/1/23 Tokyo Tech



EER{EB{EE &L ADCHERE 48
TOKyO TIECH

EEEERDT—FL—FIADCH 7 EERENE L E IR EF DIRICLEDT S

- . N: 7iZgE
De * N - fo  { mrtmun

JAXPNADCHOEFIL/AXATRESHEREL-IGE

/N EHE ZEEFHADERIZIZELSNRANKE

P
C=BW logQ[l + —Sj e~ o~
P === N <N
N 001 —— QPSK — 16QAM - 64QAM 256QAM
11078 N\ AN \ \
ADCOBW & SNR " 5 \\ \\ \\
P o 110 °
BW < L —5 — 15 ) 22N E 1107 \\ \\ \\
2 110
Vlapc \ [
L7 75“)'( — \\ \\ \
~ f.: BEAREEARH 100 g 10 20 30 40
C=~ Nf S N: 9 fiRRE
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Compatible with Gbit Ethernet
Hole system is integrated with planar antenna

| LED Indicator |
I

Maintenance

[} .

o Signal Detector 10

g | E{e IP network

S D S O p— [ Acibc

g Converter

i

..... DC/DC Converter
- - Quadrature Up =
5 Z
g:gighuguﬂ MOD P&L‘Convp<u'¢u<
SEEl (28| 2 |- = Gl || x
S| |l [Egl | B IF Local RF Local -
el =2 8 Oscillator Oscillator =
% Lg -‘% e iy LL 1 LL I < L pd
S| 2| [2FH 8 HY HQuadrature | & [ Down [f 2 L & L i
@ O DEM Conv m
11
Maintenance
NN Signal Adder . .
L Radio Equipment

b f Matsuzawa

fi ¥, & Okada Lab. [{iEss:
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7O45 - FAILREEA—R I\ RSoCEBEFLT-,
64QAM (1Gbps) ZRALMEES H18(X260MHz.

raKkyd TizCH—

Pursuing Excellence

SDRAM | |EEPROM| | SDRAM MF'aSh Synthesizer| | TETPerature
emory Sensor
L 5 L 1 1 3 3 Base band SoC

CPU Core and Peripheral Circuits

 ; 3  ;

© e
E % S:]ge?rt:zt Radio Framer QAM oS ‘3 § g
il £53

© = 2 Ni MAC MAC A Modem | (¢ A/D Converter NK g 3 -é \nd
X S35 90nm CMOS
5 D/A and A/D gsa

Network Interface Block QAM Modem Block =
Converters 40M Transistors

Baseband Processing SoC

W= ChIFL-ADC & DAC

“‘ f Matsuzawa
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64QAMT+MELEYRRYEZZER T H=DIZIE
B EREDELADCIEFAIR BW=260MHz

CIN vs 64QAM_BER on B-B pair

ENOB: ADCOOE %h4 fgE

1.E-02
1.E-03
1.E-04
1.E-05
1.E-06
1.E-07
1.E-08
1.E-09
1.E-10
1E-11
1.E-12
1.E-13
1.E-14

64QAM

BER

20 25 30 35 40 4z
CIN [dB]
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&_xl {“/F?“‘jj[iADC, DAC, VGA,tPLLh‘\%Eéhj{;U, Pursuing Excellence
40nmCMOS T ELT=, (Sony& D X [EIRAF)
RX: 300mW, TX: 110mW ADC b, 3GSps, 1imWich

LR EH G
40nm CMOS technology 0.22 mm

U R , A E00CCCCTOERCTO0NE HRUREIR
j 1! 1 i 11 ‘ 15 1mils RITH
. ':} 1] " L L L ' O
£ 11N 10 A t
, I & -1 : = o
T > < G 5
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| - /P § | 1 2 ! ) 2
' ‘s 4 | : 4 S8l o= Ik
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Bl | 1 S =
1 ! 1 ¥e @
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% fid
: e ey 1 ==
3 ' Digital . : |
i | -
i ' i
1 (el el T o
) 1] =‘; [ ]
[ rav }
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10000 ,
Interleaved ...+~ ’
oo L

100

£ 0 .
5 -
% L
a 1 ®5-6bit |
M 7-8 bit
0.1 A9%-10bit | -
® 11-12 bit
001 <& 13-14 bit
0.001
0.1 1 10 100 1000 10000
Conversion Frequency [MHz]
2013/1/23 Tokyo Tech
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S AFSIV B LBRBEERACHZBEEOBEZES) THHH
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FHRENES.

NER T
Dynamic pre-amp Latch Vo V-
CLK ! o © FP
- JjDJ RPN FN
: FN :I_| |_G‘ s go
=220 )D—| =0 £
Vin Vref: ! _ - © >Vb- =F
S
i EZ?‘V??ﬁfﬁqlﬁlﬂg ) 0" SN
0 1 2
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rSUORIG A XEFLVSETHEIRILX—ZTIF, SIATYFEEDEKXIE
TORIERATYFERMICEVIIFHILTEREILLT S

25 | 350 SR
— RY hls,
SRy FRIE 300 6bit ADC: V_;<3mV
3 950 Needs mismatch compensation
= — 20mV ->3mV
% 15 200%2.
£ g 1
[72)
2 150 V i(O) o
g 10 offset
- N LW
a 100
=
° ° 50 E cC oc LW
3mV c C
0 ‘ 0 1
0 0.2 0.4 06 0.8 1 E 5
Transistor size (um?) Voﬁset (0 )
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7 6b, Flash o
AENOB
6b, Flash 3 Pd . 2
5b, Flash —g1— FoM = —
_ - &1 6b, Flash C><2
o 6b, SAR(2b) /,’o 6b, Flash
s ! —& 6b, Flash
> —
c AENOB
S e 6b, Flash =FE_ -2
?’: ﬂ ’Gb, Subrange)
= ? ob, Flash our deye|ope
& > == 5b, Flash
——@®- 5b, 1b Fold and Flash
/l
/
0.01
0.01 0.1 1 10

Area (mm?)
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vl Q@ Ov "L =
C T
O —9- . O
Dynamic amplifier Latch v, |
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I

M. Miyahara and A. Matsuzawa,
/ etal., A-SSCC, Nov. 2008.

2k

5<
T
5<
S
Q)
Z
et
'l
1.7
| s
TE

— e o . e e . . . - o s e e e - -

2013/1/23 Tokyo Tech



A7ty EEER

58

TOKyO TIECH

13.7mV OF 7t yrEEZ1.7TmVIZERLT-

Measured result — Calibration ON
---- Calibration OFF

0 MMin/Max : -3.9/+2.9 mv B
| R

20 ~l|'Voffset((7) =1.69 mV
> R N
E

5 0
>° / Do

-20 ,L .......... R

i i i I R T T
40046 32 48 640 10 20 30
Comparator Number Probability [%]
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60GHz S5 >V —/\HAT75v<aADC

"+ 1152 MHz  5bit x 4, 288 MHz
VGA —> 5bit Flash | | siP |
ADC1 [ ] 114 B o oty s
—O0 it x 8,
Clock Q o 288 mHz
2304 WHz 1/4 o |—o __ Digital
PLL —>0—51 172 [gp —— g[S
% o
® |—o
5bit Flash sP b4 |—o
VGA => 5 ADC2 [ 1:4 =
0
& -10 Fin =100 MHz
=
— 20 VGA Gain = 12 dB
g -30
)
m '40
T .50
N .60
®
g -70
S 80
0 288 576 864 1152
2013/1/23 Frequency [MHZ]

0.22 mm

Tokyo Tech
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M. Miyahara and A. Matsuzawa, et al.,

RFIC 2012.

Ich
0.25 mm

Qch

VGA Gain range 0-40 dB
ADC Resolution 5 bit
Sampling rate 2304 MS/s
Power VGA: 9mW
Consumption ADC : 12 mW"~
DNL, INL <0.8LSB
SNDR 26.1 dB
FoM of ADC 316 fJ/conv.-s

*single channel inc. S/P

“‘ f Matsuzawa e

F U\, & Okada Lab. (xiugl-
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Architecturel  cal fs |SNDR|Power| FoM | Process| Area
" |[GS/s]| [dB] | [mW] | [fd/-c.s.] [nm] | [mm?]
[1] Flash - 3.5 | 31.2 98 946 90 0.149
[2] SAR Internal| 2.5 | 34.0 50 489 45 1
[3] Folding |Internal| 2.7 | 33.6 50 474 90 0.36
ap | Peeline, deiemall 22 | 311 | 26 | 40 40 | 0.03
Folding
[5] Flash Internal | 2.88 | 27.8 36 600 65 0.25
This | Flash  |internal| 2.3 | 26.1 | 12 | 316 40 | 0.06
work

[1] K. Deguchi, et al., VLSI Circuits 2007 [2] E. Alpman, et al., ISSCC 2009
[3] Y. Nakajima, et al., VLSI Circuits 2007 [4] B. Verbruggen, et al., ISSCC 2010
[5] T. Ito, et al., A-SSCC 2010

2013/1/23
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« 60GHZHEZRAW-RRICIIEEET —FERBEANDHHA

¢ 16QAMZE DB IEXEREMELFEHILE TT—HEEDEE
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« CMOSH#HRL\T60GHzrS > —/\(RF+BB)Z &%t - {E
7Gbps, 16Gbps(RFDA) DA ZELRNILDESEEEE
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