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Lab. members 2

TOKyO TIECH
Professor: Akira Matsuzawa Founded in 2004
Assoc. Prof.: Kenichi Okada (RF)
Assist. Prof.. Masaya Miyahara (ADC/DAC)
2 technical staffs, 3 secretaries

14 doctor students (3 from corp.)

16 master students

5 undergraduate students

some researchers from corp. =45 people

19 Japanese students and 16 foreign students

2010.07.01 Tokyo Tech
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1 t PursuingExcellence
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1. 2kmIBE O PR {RE
:38GHz, 1Gbps

BT X-JRC-NEC
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2. mIZE DI AR
:60GHz, 3.5G--10Gbps

BRI K-SONY
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1G b |t Et h ern etﬁma) %ﬁyXTA Pursuing Excellence
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BaseBand Processing SoC -
sl -

BaseBand Quadrature
DIA Conv Modulator
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38GHzH 600Mbps FASoC, EXRMIFEDBIF 9

roKyd TizCH—

PursuingExcellence

CDESLGBEEADCIZIAFEHEET,. SOCOFRRIIZENEREFT L. EERMANE

BRI KMNADC, DACZERHEL. IRCHA AT LEREZITHT-

-8bit 400Msps S| B 7T T2 E#ER(ADC)
-10bit 800Msps TP AILTF 04 ZE#38(DAC)
-10bit 50Msps HIEAT 2T 05 £S5 (DAC)

80nm CMOS: 4000 5 S22 4

16QAM: 640Mbps
64QAM: 1Gbps

\“\Uyu.i.'l.'l.\'l i l'l'ill- I|I| |I|||i|||ll|l J'H H.l i
NI |

nﬁi-h:u- R
8blt 400Msps ADC

10bit 800Mepe DAC

“ ‘ “ Matsuzawa N
F Y \y & Okada Lab.: ,ﬂi,‘.;!*.!.:.g;!‘:‘._

2010.07.01 Tokyo Tech



Consumer mm-wave applications 10
ToKyd TEECH—

PursuingExcellence

4.7 GB DVD can be transferred in 13sec with 3Gbps mm-wave system

High-speed file/data transmission ( ~1m) h We now focusing

a Several Gbps

- I

Camcorder, Mobile Phone, DVD/HDD recorder, Game,
DSC, Mobile Storage etc. STB, Mobile PC etc.

Uncompressed video transmission (5~10m)

Point-to-point

Set top Box
I[STB}(IEEESOZ 15.3c )

“‘ “ Matsuzawa i

2010.07.01 Tokyo Tech

J7 N\ & Okada Lab. ixzgme:



BAFERD S ) B EEEERF & X T LLS 11

.......

TOK YO TIECF
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/ RF Front-end IC (65nm CMOS) Baseband IC MOnm CMOYS)
I 8b 8b !
: Y [l o :
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: |2 20GHz PLL 36y ToxO 3486MHZPLL — :
' 60GHz 'LO,(\J —T Q9 PLL| bigital Base Band
I | | A | I I
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: gb+eb || S o | | e :
l Eg |
I
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DAC \ | SONY
8b 8b Reg. bank [{29000aal s I
\ A
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Circuit blocks for 60GHz transceiver / 12
lﬂl([ﬂ'l.-'L'H—

PursuingExcellence

We are now developing many circuit blocks for 60GHz transceiver.

Sl -

60GHz LNA

mEEE
Up-Mixer

60GHz PA

2010.07.01 Tokyo Tech

“f Matsuzawa  , [§]
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7.54um
0.2um 0.3um

Cross Section

TaOKyd TiECFH—
ENL=L1— -_— o =3 N o [, ursuingExcellence
BB R HEE R D 110GHZ £ TH ERLEREHEETY TR &

7Ol ; ; : 5 '
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Chip photo
2010.07.01
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mm wave measurement systems 14
roKyd TlECH—

PursuingExcellence

Up to 110 GHz

 Network analyzer
eS-parameter measurement
* RF probe

2010.07.01 Tokyo Tech



60GHz, 4dB NF LNA

. o taam roKyd Ti=CH—
6OG HZ—GN F:4 Od B 0) ﬁﬁﬁ I% %E 0) 1&’*& =] i% [I]E%E F*ﬁ% PursuingExcellence
y y 65nm CMOS
dd1 dd2
De-coupling
B3 M TLine 20 20
vb4
Vb1
20 20 160 4 m
60 30 4 m 300fF
#m 300fF m —o R Fout
150 4t m 190 ¢ m
3Q0fF
RFm o— E ' . E 200.2%
Schematic
ThiS (I¥ITE | 1
[ {2 |3 | 4| 5 | 6] |york | LT ST T T 1
Technology | 90nm [ 90nm | 90nm [ 90nm | 65nm | 90nm | 65nm ey hebebel il I -e L o
Topology | CS | Cas. [ Cas. | CS |biff.Cas.| Cas. [ CS Delcounlina Canacito §_
#Stage 3 2 2 2 3 3 4 8
BW[GHz] | 5 6 8 - 7.7 | 14 | 17/ @ s *i o P~
Gain[dB] [15.0114.6|15.5(12.2| 19.3 |20.0| 24 e : »
NF[dB] |44 |55|65|65( 6.1 {68 4 = 3 ors and D apacitorsigz
Power
39| 24 | 86 |10.5| 35 36 30
[mW] < >
[1] E. Cohen, et al., RFIC 2008 [2] T. Yao, et al., JSSC 2007 [3] S. Pellerano, et al., 1230um
JSSC 2008 [4] B. Heydari, et al., JSSC 2007 [5] C. Weyers, et al., ISSCC 2008
[6] Y. Natsukari, et al., VLSI Circuits 2009
2010.07.01 Tokyo Tech ‘A“ ‘\/“ L, & Okada Lab, s
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L=h>T. FDEFHIE. BEHIERAVETHS,

ER TR BEESFTERTHET, 7T00MHZEBEELHD.,
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TOKYO TECH
A7ty hESDEICKY AN BERENSIET D
LAOLGAD, FSUOREB A XERELTORLITHEENERZHE

LD T A XER/MILTATYMEBICKVEEZRER TS ENDE

1
V i (0) € ——
: ffset
6bit, Flash 4l onse LW 3%90nm CMOS
V. Fs = 1GS/s
V =—2 = = » <
4= o Vy=16mV, 2RYYF<3mv. Pcomp oc LW s
6 o A7y MEENLE 1 300
xvdd = 1.0V 20mW(o0 e’ T TR L
5.75 Z I 1 250
"“U —_—
D55 T oNC 1 e N T 200 2
10 R
2 8 .
210 - - 150
AN : AT
- [\ | |
5 ' E » 100
5 - n
——FJtvk | 50
. @5mY 501J ~ HBES
4_5 . ‘ ‘ 0 | | | | 0
0.00 500 750 1000  12.50 0 02 04 06 08 i
A ItykEDDE [mV] LIRS AXLW L]
“ ‘ “ Matsuzawa i N
2010.07.01 TOkyO Tech I\ \y & Okada Lab. izEEa:i
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TOKYD TECH
MEEME- ATV MEERA - SEBHEHBLEVLEBRERE

Offset CAL

’————-.

T
d e i ta e I
O v

' %ﬁbﬁ”% ¥ Fﬂi}

Gate Welghted |nterpolat|on

outn

| Comparator : | Register (4b)

65 um
2010.07.01 Tokyo Tech
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TOKyO TIECH
13.7 mV OF 7ty EEZL.7mVIZERLT=
Measured result — Calibration ON
---- Calibration OFF
40 Min/Max : -3.9/+2.9 mV | |
20 .69 mV
> :
E | .
5 0 :
= :
-20 ] :
: : : | offset(G) = 13.7 mV
- Min/Max : -38. : , ,
.40 | | | ! L
0 16 32 48 64 0 10 20 30
Comparator Number Probability [%]

M. Miyahara, Y. Asada, D. Paik, and A. Matsuzawa, "A Low-
Noise Self-Calibrating Dynamic Comparator for High-Speed
ADCs," A-SSCC, Nov. 2008.

“‘ “ Matsuzawa N m P
F Y\ & Okada Lab. iz 88 =
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roKyd TizCH—

PursuingExcellence

6 bit ADC has been realized in a 90 nm 10M1P
CMOS technology with a chip area of 0.13mm?

| Coarse ;!
ki |

L
b '-'IH-: ‘Hﬁ'__
E— - Bl 1
e e
o .- Fiili
i 8 .:.!
i e - 11
i DG e
| i L 3 b b
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i f & i o I 2 P I[ ..._15...
L ':“' ] iy |.|..|.|.. = £
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1 41t |
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L

= = “
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TOKYyO TIEECH
HASPOEBMIRILT—ZER

[1] [2] [3] [4] [6] This Work

Resolution(bit) 6 6 6 6 6 6
fs(GS/s) 0.8 1.2 0.7 1.25 1 0.7
SNDR(DC/Nyg.]  35/32 34/33 31/30 34/28 35/33 35/34
Pd (mW) 12 75 24 32 30 7
Active area(mm 0.13 0.43 0.052 0.09 0.18 0.13
VDD(V) 1.2 1.2 1.2 1.2 1.2/1.0 1.2
FoM(pJ) 0.44 2.17 1.31 1.22 0.8 0.25
CMOS Tech.(nn 65 130 130 130 90 90
Architecture Flash Flash] Pipeline] 2b-SAR]Subrange] Subrange

[1] C-Y. Chen, VLSI Circuits 2008.
[2] B-W. Chen, A-SSCC 2008.

[3] F. C. Hsieh, A-SSCC 2008.

[4] Z. Cao, ISSCC 2008.

[6] Y. C. Lien, A-SSCC 2008.

Matsuzawa  , [§]
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TOKyO TIEECH

RIALARFHTRI3BMICE> TEBAED RIE W E
REFABRL. RENSEZANTAELTLSN, BEEEEMNKEL,

i) | BEFRIRRE D ETM (FRiFEZEARER) : s

40 . | '

_ E®E BKRRE 29ml #, $RE 245ml, EFRE Oml) B = 5 jﬁ
Piet - [

30 zzzzzzzzz C ,,JU ke
& B A 1
$ - P BN BCLLLLE Ly E.,W )‘\,\,»/\/J\:"JJ =z ‘IWJ:T:

20 SRR K N T TR R

(BARFE 52oml . FRE 145mL BRE 70mD) | w0 consoris T e BEERIE

10 ARV EUMEL ‘

1 1 | | | 1 1
0 10 20 60 70 80()

30 _ 40 50
FREHZSELTH L DR

[ : f Matsuzawa N a
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roKyd Ti=CH—

PursuingExcellence

BRAEZREL. SNRICERBEETSHIOATL

i PR

ey
w
=
-
T
I,'\.G
LA
]l =l
=I5
;ﬁ
L

Due to battery life
4 days with total current of 100uA

All analog and RF circuits consumes only 30uA

“‘ “ Matsuzawa P [,
F Y \L & Okada Lab. &80 =
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TOKyO TIEECH

EH(BEE)ZTOFIVERL, T—42%300/F., 15cmBETHFVT,
7Aoo 0EEERITIUATRETEIET S,

1.55V, 12mAh, 4.8 ¢ ,2.1H, 0.17g

0.18umCMOS ~
| Bt AHFR:96h>125UA
2.5mm X 2.5mm 10bitiE oy 2 DR
Ej?ti‘}:f— (CDC) EAEKE | % CDC: 3nA @30Hz
! . FHIRSS: 8uA
I 2{SEE : 4uA
E{EEE:0.2uA
?qay ¢ RFEE %E%iﬁ%ﬁ
160 74:0 15cmDEE
K. S HAFDRFE 30EI/FPDEIE  13.5MHz, ASK, CDMA

; “‘ s Matsuzawa
i \y & Okada L

2010.07.01 Tokyo Tech
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SARBE - TU2I) THFE/(CDC) | 26

— — —TOKyO TECH
CNETORE - TOINEBRET TNV ELG-OBMWERE

BIEEZENEFRLER (SAR) ADC+BERFEHE U —FFHFR

HBIEEH (No OpAmp)
BELVH—DF TV BREDHEITTEE

IJ‘E*E Kota Tanaka, Yasuhide Kuramochi,
EREELEBITRE e rashina, Kenichi Okada
“A 0.026mm2 Capacitance-to-Digital
. + —;—>ch Converter for Biotelemetry Applications
SAR LOQIC _'I'- ( , Using a Charge Redistribution
= Technique”

= ASSCC 2007

( (}ls Off-Chip

1 ... L1 oF—
g; 8(:;|; c;l; 32(:;|; Cal Cril 77zc
X

C
i vaD'FT i FT_'":‘}‘?_ “ensor

kVDD

ff Matsuzawa L Al
i \Y \}, & Okada Lab. i {288 =
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TOK YO TIECH
SNnATENMET HBIEE HNCDCERIFELT-

1. 10b SAR like architecture 3nA @ 30 times/sec
2- Self'C I OoC kl N g Tuan Minh Vo,Yasuhide Kuramochi, Masaya

Miyahara, Takashi Kurashina, and Akira Matsuzawa

3 . Sl N g I e to d |fferent| al “A 10-bit, 290, fJ/conv. Steps, 0.1,3mm22, Zero-Static

Power, Self-Timed Capacitance to Digital Converter.”
SSDM 2009, OCT.

GND Capacitor <
Vref DAC ch
I, @ ég
; : o , Finish CASr}:tl:qrf).l
Mornitor

Logic
1 -
Y Generator

Cx : Capacitive Pressure Sensor CLK

“‘ “ Matsuzawa N II a
i\ \, & Okada Lab. i 82 =
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- ‘ - [
TOKyd TI=CH
1200
4 1.13E-11
1000 4 1.08E-11
4 1.03E-11
L
800 ol
w 9.80E-12 UB
| el
L
R
H 9.30E-12 43
g 600 | =
1;0 TES
-Q -
5 8.80E-12 3
9 0]
_— He
400 8.30E-12 [
=
7.80E-12
200
4 7.30E-12
0 1 1 1 1 1 1 1 1 6'80E_12

0 5 10 15 20 25 30 35 40 45
ANEA [KPa]

CDCOTIHILHALBIFERE(impedance analyzer) LR BEED
AR ER—J S 7ICHEBEEL TS,

T3 MEEIIRADBEMELCOCHLDH AEIFENLC
F—Hh&RLICEY, EREICTOAIETESIEERLTILNS,

s Matsuzawa 5 2
# \y & Okada Lab. &80
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SR FREBOARIIERYEZOREICE THOHTEE,

J—0Ow/\ CERNDY IIL—TIXRFIRHIB[BALSIZRAFELTLSAS,
BARIILSIFRARIZIT-oTHELT . BRAOEEMEOERDEELLH->TINS,
LHL, A—H—IEZD KSETIHRIED /INSULSHIFFELELY,

Z_TC. KRETLSIZHRTH_LTERYEBOREE XA H_LICLT=.

PETHEDNDEBERAA—UTIZICATIREEE Z D,
BEIRLX—INESHEEENOGDET

Matsuzawa . ;
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TOKyO TIEECH

BEERENFARICHFNEET HEEFHHFRLEL. BEICAL>THHT 3.
RHBIICOBHERDZ S,

RITORBLSIERERZER TRHZLMAGNET . EFFHEIFONEL,

Readout

: f.' EﬁxeB time
E field . R \ K
° - Fn W
Cathode ! y \_fOT

| 7o g
Ionlzed '\ R\, , h S,
{E electron w~
| ' | N
track \ TOF |

Tokyo Tech

2010.07.01




IRFTDRHFHEHFALSI: Timepix 31
Eﬁﬁo)*ﬁ%@:ﬂﬁaLSlliz»rwaERN;b“Faﬁ%Lf:QPle)ﬁ'G&rglfm Aot
LAL. TOT, TOF%E DRERITEHRILAIE TE=5H., BRZEILRETSEALY,

h
— 1 L L
Previous Pixel
Ref_Clkb Cli_Rend I
Mux —
4 bits thr Adj . 8 g‘
Mask : I E g E 2
J Mux 8 8 . . 8 \5-_,
» |- HE . 2 B[ | e Pixel.Matrix.............. ; g
THR— Shutter—q = Timepix Shutter int Shift g B B 5 é
Ctest —— [ -l"nchmn‘izatir‘ = Register a % % %
k T . PO = Legic Conf — (o] —
+— Testbit Polarity P1 — 8.bits PCR ~_| —
Test Input 4
-0\'C ontrol

Ref Clk Clk_Read |

Digital ext P e e o TS Jed

. o e I | i 256-bit Fast Shift Register

e

: ¥ i [lLvpsf—1 10 vod|
g7 L ":>§ In Logic [~ 32-bit CMOS Output out ':>

..................... ZR e

) 14111 pm >

o 256x256 pixels
e [t can measure TOF and TOT, but NOT at the

same time
* Input range is limited
e Total charge (Q) is calculated from TOT

55um

Reference: X. Llopart, Timepix, aTimepix, a 65k programmable pixel readout chip for arrival time, energy and or photon counting measurements

2010.07.01 Tokyo Tech ‘ A‘ Matsuzawa

I\, & Okada Lab.jé FEE ]
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EJt€JLADCOARIZELY. TOT, TOFIZHMAT

BREQZEE AT HENTED

CLK Tofgate

32

TOKyO TIEECH

CLK_Read
; 1
M-
Amplifier Comparator _ [ TOF | 14 ™\
ceat Counter| / Data_out
: = ——
Input 8 > 14
Pad ToT =
Integrator Vth Counter
® | ®
Cs x
B e T 6 S 14b Register
6b SAR £
ALE 10MSps
6b—>10b in next step
2010.07.01

Tokyo Tech

[‘ f Matsuzawa N m a
I\ & Okada Lab. i ;8 =




QPIXVODF YT L A7k
roKyO TECH—
ERNLGTEV L BOADCEERL-HERAFREFALSIFAFECK

M. K. Vu, F. Li, M. Miyahara, T. Kurashina
and A. Matsuzawa, "Qpix, a Pixel Readout
LSI with a Built-in ADC for Particle Detector
Applications,” SSDM2009, Sendai , Oct. 2009.

0.18um CMOS

. 6b-SAR ADC

: OP Amp

. Comparator

. 14b-Register

: 8b-ToT Counter

: Control Logic

. 14b-ToF Register
: MIM Cap (2p)

© N o 0o b~ W N R

‘ “ Matsuzawa T,
I \}, & Okada Lab. i 5,.;!:!;g::;.:

2010.07.01 200 p o Tech




Building block measurement results 34

TOKYO TEECH
_ 70
& 60 . . -
= e TOF and TOT is sufficiently accurate

ADC should be improved

—— Calculation

B Measurement

ADC channel
S

™
0
0 0.5 1 1.5
Qin [pC]
L 300
__ 16
*E 14 — 250
g 12 £ 200
[=]
3 10 O 150
= g O 100
= = — Calculati
= 4 —— Calculation 50 . fdac ation
2 B Measurement easurement
0 0
0 0.5 1 1.5 2 2.5 3
0 50 100 150 200 Time [%iS]
Time [us]
2010.07.01 Tokyo Tech PN\, Mmve., gl
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roKkyd Tli=CH——

PursuingExcellence

RERICKYRF (TILI7H) DRBEBREMNIRA SN T

16 pixels HF ORB B B

W o b L b hEh = D WD D

“‘ f Matsuzawa  , [§]
F Y\ & Okada Lab. i :E: 2
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roKyd Ti=CH—
HEEEMBLI-bDER %], 400Pixel (=%, ADC: 6bit = 10bit™"""
. Circuit part
400 pixels
()
= =
2
= -
5
Vl— Pad for Charge
< > ]
_ 5mm ~ collection Pad f_or bump
Detection area : 16 mm?(64% of chip area) bonding
2010.07.01 Tokyo Tech NS\, Mz,




TaKyd TEECH—
PursuingExcellence

l Pixel layout

5 bits offset cal.

CLK
Selfgate

R

™1 TOF
_l-—> counter

n |

TOT
4] counter

¢ Circuit pa
ST i

FELil

Pad

Test_bit 4 bits

offset cal.

!
>
3

Test_in -

<« 200uym ——>

&
CLK read
A A 4
Next pix | &
Q
(%2}
@

New features: E 200um E
L ADC resolution: 6 bits — 10 bits (total capacitance is the same)
O Full-custom designed DFF — save 62% area of Standard-cell

O Offset calibration { Comparator input offsets o: 12.3mV — 1.5 mV
Preamp output offset c:485mV—39mV

O LFSR = counter + shift register — compact circuitry, matrix readout facilitated

O Pad for charge collection and bonding
2010.07.01 Tokyo Tech
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TOKyO TIECH
We are now developing QPIX V.1

 Linear Feedback Shift Register (LFSR)

— Works as a counter in count state, and as a shift register in
readout state

— Small area
— Convenient for matrix implementation

e Optimization of DFF to save area and power

— Sense-amplifier based flip flop with a 38% area, about 70% static
power consumption and about 40% dynamic power consumption
of the standard cell

« New amp with offset calibration
— Offset (o) decreases about 92% (48.4mV —3.9mV)

e Capacitance calibration comparator
— Improve the sensitivity (thresold:245fC — 35fC)

* 6-bit SAR ADC to 10-bit SAR ADC

 Pixel pad for charge collection and bonding
2010.07.01 Tokyo Tech
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Cse
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SAR = Successive Approximation Register

© Compact
© Low power ( no static current)

@ Low speed ( but we need only
6.7 Msps)

Optimal candidate for Qpix

2010.07.01 Tokyo Tech

Specification

Process 0.18 um
Resolution 10 bit (ENOB : 8.4)
Speed 10 Msps
DNLmax -0.25 LSB/0.25 LSB
INLmax -0.25 LSB/0.38 LSB
Power 460 uW

Area 70 um x 140 pm
FoM 202 fJ/conv.

> FoM = Figure of Merit
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TOKyO TIECH
QPIX.v.1 QPIX v.0 Timepix
Chip 20 x 20 pixels 2 X 8 pixels 256 X 256 pixels
Dimensions 130 x 140 um? | 140 x 200 pm? 50 x 50 um?
Preamp Gain 0.43 mV/fC 0.4 mV/fC 100 mV/fC
Comparator threshold 35fC 245 fC 0.1fC
ADC LSB/MSB 1.6 fC/1.6 pC 25 fC/ 1.6 pC
Readout information TOF: 14 bits TOF: 14 hits 14 bits
TOT:8bits | TOT:8bits | - O orToror
counter)
ADC: 10 bits, ADC: 6 bits, None
10 Msps 10 Msps
Power/channel 150 pW 350 uW 6.5 pW
Read out Serial/Parallel Parallel Serial/Parallel
2010.07.01 Tokyo Tech NS, Watguzama ol
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TOKyO TIEECH

e LSl design

— Titech: A. Matsuzawa, T. Kurashina, M. Miyahara
Vu Minh Khoa, and Li Fel

« MPGD (Micro Pattern Gas Detector)
— KEK: S. Tanaka, Y. Aral, J. Haba

« TPC (Time Projection Chamber)
— Saga Univ.: A. Sugiyama, T. Azuma

e Dark matter search
— Kyoto Univ.: K. Miuchi

2010.07.01 Tokyo Tech
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