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TOKYO TIECH

REUEFVEIFER

o] B ER R T

BZHICMOSZERAVLE=T—42a20/\—4

2001 KEERIZESEEMER BERIFER ZXE
2002 Y=——aviR—RUFFE (%) Bt
2004 RKEERIXSFEMTFR EXE 7

2006 REIEKXFKFRE

TEHRE BB

2007 Intel@Communication Circuit Lab., Oregon, USA

2009 REIEXKFKXKFRE

2009/4~ BERIEXRFXEREIFH

2012/11/6 Masaya MIYAHARA
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HrRED

® I REHSBERAEET—AAV/IN—2OHRE

(1) ﬁﬂEEﬁ:ﬁi‘(ﬂEﬁElm 2.5Gbps) A& EADC/DAC (40nm)
1.1V, 2.304GSps, 12mW, 5bit ADC

1.1V, 3.456GSps, 20mW, 6bit DAC
1.1V, 1GHz BW, 9mW, 40dB VGA

(2) FWA(FEBE#km, 1Gbps)A EfEE -&iE ADC/DAC (90nm)
1.2V, 400MSps, 40mW, 10bit ADC
1.2V, 800MSps, 20mW, 12bit DAC

® EBEEEEMEF7FIOJEIBEOBZ (90nm)
0.5V, 600MSps, 1.2mW, 5bit ADC
0.5V, 750MSps, 1.4mW, 10bit DAC

@ NILVRGTVRTLATFOJEBREMOBR (180nm)
(1) BRERERFGAERAE Y—TLARN)— LSla)Faﬁ%
1.5V, 30Sps, 10bit, 4.5nW BE-TOXIL TS
S REE KN EFBIERN (12cm, 40kbps, 30mW)
2) EERRSFYRARRDETE=R)VTD-HDEREADCORFE
1.8V, 10kHzH18, 16bit, ASADC
1.8V, 300HZz# 48, 2uVrms A 7 HL B 4 S 1iE 25

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYO TIECH

® hFHEHIF EVt/ILGEAHLUERERE(QPIX)(180nm)
(1) EV9tIRBOF=HDB/NEADCOHOEIF
2) EVEIRBIESDEEHMIETH-HDO7FHOJ R MICEET SR
1.8V, 10MSps, 10bit, SAR ADCZ&EVIVICARL-1RH S
20x20 EV IV R FHH R C K SR FRBMME H BBk b (—*WIJJ)
@ BEBEFEGEIRILE—I\—ART1UY EBREFTOHE
1) BREIRIILX—EIIER LOF-ODRFEI /N\—5EF
(2) EHEMERE=42REENHADCORH
QR)EEH-E#ET Y HEAHLEIRDRSE

2012/11/6 Masaya MIYAHARA , Tokyo Tech Yy \, & Okada Lab. = d
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f ﬂl(ﬁﬂ TECH—

uing Excellence

ER(~10m)RU B (1km~4km) DI RREER S R T L

BUSHECORAFEIZEYS) IR

ZRET S

FY2007-FY2011

1. 60GHz, Indoor
3-10 Gbps
~10m

BB MODEM SoC
40nCMOS

2012/11/6

2. 38GHz, Outdoor
0.6-1.0 Gbps
1km~4km
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TOKYO TIECH

2012/11/6

1LV X EE TERHI0M TDVDD ATV AL E AT BE

VTV -F o A— R HEE T E B
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Masaya MIYAHARA , Tokyo Tech
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60GHzZ CMOS FS o —IN—Fvy TORR 7

TOKYO TIECH

FALY barn—oarARITKYPME - BHEEAN

60GHz
‘ Digital
Rx BB =] 6.3GDb/s
‘ 20GHz PLL ‘ ‘ BB PLI;J
60GHz 60GHz |
‘ Digital
T BB =] 6.3Gb/s
REFv T BBFvJ

20120365 Masaya MIYAHARA , Tokyo Tech
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60GHz,

ToKyd TiECH—

PursuingExcellence

IRF+BB Fv7%#F%

65nm CMOS ~ RFF v J BB Chipl&Sony&ditFEBIS

4.2mm

40nm CMOS

BBF v/

3mm

Tokyo Tech
2012/11/6 Masaya MIYAHARA , Tokyo Tech

l‘ ‘A‘ Matsuzawa 7l
f W \}, & Okada Lab. & sima:




R—Z/%> READCOREH /9

#I( a TECH—
HRBNISRD12mWOIEEEE SN &/NEMH
5bit, 5bit x 4,
ADC 5b, 2.3GSps, 12ZmW/ch I+ 1loz MHz 288 MHy Sbit x 8.
Ich Qch VGA <> sbit Flash | | sip |8 288 MHz
ADC1["| 14 I —O
—O
Clock Yl—o
04 MHz 1/4 o _>D|g|ta|
£ O B =3
£ 1/4 =
X NE o
= ) —O
: 5bit Flash ’ S{P " —)
VGA=> ADC2 14 I
. Fs SNDR | Power FoM Process | Area
Ref. # A% b Cal- ligss)| [dB] | mw] | [farcs] | [om] | (mm3
[1] Flash No - 3.5 31.2 98 946 90 0.149
[2] SAR No Internal 2.5 34.0 50 489 45 1
[3] Folding No Internal 2.7 33.6 50 474 90 0.36
[4] Pipeline,F1 External | 2.2 | 311 | 26 40 40 0.03
olding
27.6
[5] No 3.0 36 600 65 0.25
Flash Internal (ENOB
[6] Yes 2.88 4.3-4.7) 68.5 1200 65 -
This work Flash Yes Internal 2.3 26.1 12 316

2012/11/6 Masaya MIYAHARA , Tokyo Tech



RF+BB Measurement Setup

oKy I'EH—

PursuingExcellence

RF chip
L W|th 6dB| antenna [3]

77

Power supply Power supply

Tx mode Rx mode /
BB PHY RF board RF board BB PHY

0

Control
(FPGA)

Control
(FPGA)

=
=

1/Q 1/Q 1/Q

Control signal

Q000
0000
0000

0000
 —
8
 I—|
0000 |5 9900
o
3
@
w
o
=]
5
w

@
—
\
—

0000
0000

c

—
—
Q
©
—
O ¢
©
-U
@)

Laptp PC
10 [3] R. Suga, et al., EuMC 2011

/" \f‘ |

\4} & Okada Lab. ¥ E




Communication Distance 11

TOKYO TIECH

No error floor was observed.

10° —
101 }{3.1Gb/s QPSK |

102
10
10

X105

m10° 1.7m at a BER of 10°
7
18_8 ﬁith LDPC|¢
d

-9
107 owithout LDPC
18 i owith LDPC
1 - 1 1 1

00 05 10 15 20 25 3.0 35
Distance [m]

11



Performance Comparison

12

TOKYO TIECH

Data rate

Integration (160AM) Tech. Poc (TX/RX)

CEA- 1,35/mW
LETI[5] RF (Hetero) [ 3.8Gb/s 65nm I A5 AmW
SiBeam 1,820mW
6] RF (Hetero) |3.8Gb/s 65nm / 1.250mW
. RF: w/ wider-BW RF:319mW

Pk?"o fgnggrecéé 10Gb/s s5nm(RF) |/ 223mW
s work) |+ oDos |RF+BB: 40nm(BB) | BB:196mW
J 6.3Gb/s / 398mW

[5] A. Siligaris, et al., ISSCC 2011 [6] S. Emami, et al., ISSCC 2011

12




38GHz BN IS YRIVATL 13

ToKyd TiECH—

PursuingExcellence

FET7THERBRERZE—HIE  1GphpshiEtEiER

I#l

Pecoived Bt Rate (biths) - Unit1:1:2 - Cuerent

b Matsuzawa
A \} & Okada Lab.

2012/11/6 Masaya MIYAHARA , Tokyo Tech



BFEL=77F - TYREHE BB SoC / 124
ToKyd TEECH—
DSP&ADC, DACZEREHL=SoCZ=RH pursuing Excolonce
64QAMZANS L T260MHzDH I T1Gbps DB E EIGEXEE R

SDRAM | |EEPROM| | SDRAM Flash 1o\ thesizer
Memory

T ADC, DAC%BI%

CPU Core and Peripheral Circuits

3 3  §  ;

Temperature
Sensor

@ oo
O o . . = =
5 . D/AC t 2 8L
2z E%%?ggt Radio Framer QAM il 5l 8
L3 55
= g NK MAC MAC AR Modem | (¢ A/D Converter N %c_g -é \ad
= ES)
g" D/A and A/D 024
O Network Interface Block QAM Modem Block Converters = b d

Baseband Processing SoC

NPy, A 90nm CMOS
’ 40M Transistors

Matsuzawa
\\ & Okada Lab.

2012/11/6 Masaya MIYAHARA , Tokyo Tech IV
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A
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BER vs. SNR 16

TOKYO TIECH

ADCOERER E (8bit > 10bit) TBER¥K e E

C/N vs 64QAM_BER on B-B pair

1.E-02
1.E-03 D ooke). \ =O== \\leasurement
1 E'04 “e® e, M 29NN O
' e, T ——— ravjvje
1 E-05 D":{Eﬁ \ (Eelzj)gazgsoversion)
1.E-06 ﬁ_ ENOB=6.25
1.E-07 —meen
o 0 ’:§\ vd | ENOB=6.5
L 1.E-08 v \ - | (1Gops version 2009)
1.E-09 2 K e ENOB=6.75
1.E-10 ol """ B
EAY 10 Q ’ ENOB=7.0
1.E-12 — QX& X - ENOB=74
1.E-13 Q % .......... . ENOB=35
1 E-14 A (ADC design targef)
20 25 30 35 40 45 ENOB=7.15
C/N [d B] (1Gbps version 2010)

Matsuzawa :
& Okada Lab. ¥ ifma:

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYO TIECH

HENATSABERFTI-AIDEBRARDERE
OP7 7 ZRAWVGL L EmIRE LG ERZERREICLE:

10b, 320MSps, 40mWwW ADC

Pipeline Stage

I_____________';
|
|
Vin O I Int
Sample A2
—& CDAC Alg : Cap ) >
| ' & &
| ' 8 8
—— 1 | n n L
= || cMP1 | | CcMP2 : E E | cmp2
o | ] O i)
= | i S
3 L] | | | || | A A
Sample Al L Int A |
V., O & CDAC[ | | | 21| Cap 1 2, 7
| |
I é _____
D, (3b+1b) D, , (2b+1b) D., (2b+1b) ¢ D, (2b+1b) D, (1b)
C tion Log

Fig. 2

750y m

M. Miyahara, A. Matsuzawa, et al., VLSI Circuits 2011

Matsuzawa T

2012/11/6 Masaya MIYAHARA , Tokyo Tech

& Okada Lab. [ ¥ sa: =



PEFXD/INM TS54 >ADC 18

TOKYO TIECH

PEEDINATSAVADCITIEFELG2EDFGEERTINEINRHHT-

Input Residue
X2
Sub-| |Sub- -
DC| } [DA
1 ; 11 MDAC
n n ) n %)
Analog ©— » & N & S DR 2b
Input T S S s s s Flash
P o— e N BPm it
£15b 415b 415b 41.5b £15b 42b
Digital Correction Logic

Digtal Out

Matsuzawa T

& Okada Lab. ¥ ifmma: =

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYD TECH
V g e e e e
- Threshold
3, | Input MDAC1
) MDAC?2
U I R Vo | - ]
VA I I R B
2
X2
vt b b N
4 V02
O L L ______]
. 1
Residue Vin Vol = Z(Vin - VFS] Voz = 2\/01 \%

Output CODE

2012/11/6

Masaya MIYAHARA , Tokyo Tech




INA TS5A4 ADCHOTEH AR 20

TOKYD TECH
V e o o
" - Threshold
s, | mput ~ MDACL
) MDAC?2
U I R Vol - e ]
%VFS -= [~~~ - - - - mmm—————-—-——-
2.1
CIVZ NSRRI [ T
4 V02
O L L ______]
. 1
Residue Vin Volzz(vin_EVFSj V02:2V01V
Output CODE 1 0>1

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYD TECH
» BRETEEN/ARTUTNLE
— MHCMOSTIIETR R E
« BAI—TF7UTTIXCEDEL

Vin C o 8
O ¢ |—‘

mC
_( : r2) - Vout
G, -0
i | \l_>_ G,(dB) > 6N +10
ADC DAC

GBW > NF,
6D0ut m bit N: Number of bits
MDAC Implementation F.: Sampling freq. 5
2012/11/6 Masaya MIYAHARA , Tokyo Tech Okada Lab. hs
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TOKyO TIECH
A
P>V,
— Inter- V
— polator
= Alb VOb
CMP >
Vin

Vob

Matsuzawa 2 %

& Okada Lab. ¥ ifma:

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYO TIECH

A
AV,
— Inter-
— polator
= Alb VOb
CMP

_%
S
CMP
R
— A
[3]A. Matsuzawa, et al. Feb. 1990.

wigrpolator example [3:4) wvanard4iGydaagelthdolf, et al.
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TOKYO TIECH

A
Ala VOa , Voa: VOb — 3 1
Tomee cwe ]V T Vi V=212
Y4
= Alb VOb Voa: VOb - 1 3
CMP >
V.

_%
>_i 3R
1R
— A

%Iﬁm O I ator exam p I € Masaya MIYAHARA , Tokyo Tech
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TOK O TIECH
AV,
— Inter- ]
—{polator| | 2.2
I Alb VOb
CMP
= Ala
3R
1R
— A

b Matsuzawa I
\} & Okada Lab. {¥ :m: =



AEARXZTAVE-ZEH]

P>V,
— Inter- |
— polator
I Alb VOb
CMP

26

TOKYO TIECH

Voa: Vop =311
v Vo Vgp=2:2
s s VoaiVep=1:3

_%
>_i 3R
1R
— A

Interpolator exXam ple Masaya MIYAHARA , Tokyo Tech

Conversion error is not
occurred by changing gain

Matsuzawa

26

& Okada Lab. [ ¥ sa: =
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TOKYO TIECH

HRARZRAWNZERETLDDONAMTSANE,
MEEBRICEYENENDRAT—OD RSB EIXELTT,

1st stage 2"d stage  3'd stage 4! stage
Pipeline Stage

1
Vin Sample » l Int.
&cbAac| ] Caps. y
O_‘Lf I ' |I T d |

O] O]
(@) (@))
S S
I I | | N n ||
] emPii | | CMP2 = (| 4> | e = CMP2 [~
| 1 2 2
. d | o | o o
ample nt. d
V, O—{& CDAC | Caps.
—_— | — = _ 1
Dist D2nd D3rq Dath Dsth
(3b+1b) J(2b+1b) (2b+1b) (2b+1b) (1b
|J Correction Logic

1 100

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYO TIECH

BELZEMNICEILLSESETERDOHREIESTZTERARE

Vx = _I: T Ga(vin _Vra)+ " Gb (Vin _Vrb ):|

m +n m +n
= m+n
mC| nC mC| nC Voa :Ga(vin -V, _Voff_a)
% -I-I-I- g Voo =Gy (Vin —Vip _Voff_b)
V'oa:Ga(_Voff_a>
Sampllng phase V', :Gb( \V b)
mC| nC| mC|nC Ga G 1a EALDFIG

/7&ﬁ§7

’ ’ Voa ob -
VOb I I Voa V ff_a V _b 7/72"7"2‘/"%,_
L _L v Vi Vo %ﬂﬁ%&

-— -— r
- - X - -

Interpolation phase
2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKyO TIEECH
Voa an
Int.
> & >

> |evP2{ || ¢
|?|1{t.
caps.
Vob YW cMP2 ,
O >
1 3 Vin

- - Va - -

Interpolation phase

Matsuzawa 2 E E

& Okada Lab. [ ¥ sa: =

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKyO TIEECH
Voa an
Int.
> & >

> |evP2{ || ¢
o J{ VXb
] Int.
caps.
Vob \ % be
o >
1 3 Vin

- - Va - -

Interpolation phase

Matsuzawa 3 ;! \

& Okada Lab. [ ¥ sa: =

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYO TECH
FHTHEGLICEE. BRETER

This Work [2] [6] [7]
Resolution (bit) 10 10 10 10
Fsample (MS/S) 320 500 205 320
Vpp (V) 1.2 1.2 1.0 -
Power (mW) 40 55 61 42
ENOB ., (bit) 8.5 8.5 8.7 8.7
FOMg./ FOMgggw (pJd/c.-s) | 0.35/0.77 | 0.31 0.65 |0.36/0.44
Technology (nm) 90 90 90 90
Active Area (mm?) 0.46 0.5 1 0.21
Amplifier type Open Closed | Closed | Closed
Linearity Compensation No Yes No Yes

[2] A. Verma and B. Razavi, IEEE J. Solid-State Circuits, vol. 44, Nov., 2009.
[6] S. Lee, Y. Jeon, K. Kim, J. Kwon, J. Kim, J. Moon, and W. Lee,” ISSCC, 2007.

[17(1) H. Chen, W. Shen, W. Cheng, and H. Chen, A-SSCC, 2010.
2012/11/ Masaya MIYAHARA , Tokyo Tech

Matsuzawa
& Okada Lab. ¥ ifmma: =
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BRAEZAELNBICHRREEITSIVATL
ABMOEHEENLE, B/NETEHLHDT
REBENEERTERE

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKYO TIECH

1. 15cmiEET5Fv7

7O BoOHBEERIF1BUARETHET S,

1.55V, 12mAh, 4.8¢,2.1H, 0.17¢g

0.18umCMOS

2.5mm x 2.5mm 10bitiE = l_{ l

Bt
BHRME

MEMS

|

<A {3 RFIEIE‘&

c | HEBEER 13uALlT

o— AD

Efti:z%— (CDC) EH[EE :% CDC: 3nA @30Hz
: FIR25: S8uA
13

16b ¥ 12>

4ETE:96h>125uA
HEBERAR

Z{SEE&: 4uA
1={EMEEK:0.2uA

EEEZE
15cm®&E{E

BRK. S HHADERE 30E/FPDIX{E 13.5MHz, ASK

2012/11/6 Masaya MIYAHARA , Tokyo Tech
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ToKyd TiECH—

PursuingExcellence

SARADCOEBRARZRANVCEREEZEETOAIIVIEICE#RT S

1. 10b SAR like architecture
2. Self-clocking
3. Single to differential

3NA@30 times/sec
(BNEEIR)

305um

GND ==  Capacitor
Veer DAC

@

}
re Async.
Finish
; -1 (CONtrO|
Mornitor ;

Logic .
)
N
=
=

S Pulse
; Generator

Vet Capacitor Ven
GND DAC -

Cx : Capacitive Pressure Sensor CLK

2012/11/6 Masaya MIYAHARA , Tokyo Tech



Pixel readout LSI

particle
o

Primary ..
charge ..0
@
5 00®® /
® G
8 £ | Kk
U] s oA JLSI
3 Sl (anode)
y 4 Yoo
gy .
- S Pixel PAD
y Hitted pixel

P > X

LL
* ®
* —
(Time) Y

Y Induced current in pixel

>

TOT

2012/11/6 Masaya MIYAHARA , Tokyo Tech

O

O

35

TOKYO TIECH

X-y-axis : pixel position

z-axis information : TOF

Signal pulse width : TOT

Q : the energy of the particle

TOF : Time of Flight (drift time)
TOT : Time over Threshold

Q:

(Density of electron in z direction )
total deposited charge

Matsuzawa I:
& Okada Lab. [ ¥ sa: =




QPIX ver. 1Rk 36

TOKyd TIECH
SAR ADCIZ &Y BRMZEEAIE
— PA=]
TOT, TOFE % R R (CH 1§
ANALOG DIGITAL
A A
‘ M Pre pixel '
—————————————————————————————— OO0 O o O
A
Vi CLK_TOF T?)F
CLK_Read __k
Counter
V .
com Pixel y
[:ch Vamp Control CLe_ToT $ TOT
Qi . Ao > Logic Counter
(] In v ol - 0+ urrent <t -
PAD i VC"/’V/ | S ADC
I—+— SARADC Register
SWhr \ . A
C ,
T o c
b <85,
- Integrator - o5z’ Next
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, J A 1 = O Y pixel

Matsuzawa I
& Okada Lab. { ¥ i =

2012/11/6 Masaya MIYAHARA , Tokyo Tech



Chip implementation /
rToKyg TlzCH—
Ch | p m | Cro g rap h ﬁursumyfxcellence
T mmmess - S Pixel layout

o ' o
JJ-’JJJJJJJJ-‘JJJ

Circuits P s

0.18 um CMOS
400 pixel cells

o
S 9 9 9 O 0 9009 500088 e ee e ee iOLOio‘o
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TOK YO TIECH
Qpix v.1 Qpix v.2 Pixel cell Timepixl[3]
Number of Pixels 20 x 20 - 256 x 256
2
Pixel dimensions 2(_)0 X 200 i 130 x 140 um? 50 x 50 pm?
(Active: 130 x 140 um?)
Detecting event First event FISEEEE GYE! First event
selectable
Dynamic range 10 fC ~1.5pC 1fC ~ 750 fC 0.1fC~12fC
Comp. threshold 35 fC (35 mV) 1fC 0.1fC
TOF: 14 bits, 10 ns TOF: 14 bits,10 ns 14 bits, 10 ns
Readout _ _ _ _ (TOF or TOT or
information TOT: 8 bits, 10 ns TOT: 8 bits, 10 ns Photon counter)
ADC: 10-bit, 10MSps | ADC: 10-bit, 10MSps None
Readout speed 240 Mbps - 100 Mbps
Readout mode Serial/Parallel Serial/Parallel Serial/Parallel
Power/pixel 187.5 pW @ 150 uW 6.5 uW + 7 pW ®)

(a) Both acquisition and readout state. CLK =100 MHz and DCK =240 MHz
(b) Acquisition state and Ref CLK=80 MHz
2012/11/6 Masaya MIYAHARA , Tokyo Tech
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TOKyd TI=CFH
« ADC, DACZFRAUWV=# R R TGV AT LZEFE
- S)REERERSET 23V /\—32DHE
— NIRRT TORTLB7F045 BEEREM O
— P FHEH R EV /LA H LEFEE R (QPIX)

2012/11/6 Masaya MIYAHARA , Tokyo Tech



