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— Calibration ON
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erf - (QBERout )
erf '(2BER,,)

NCG = QOlog{ }+10logR

R: Code rate (bit/symbol)

T. Mizuochi, IEEE, JSTQE, Vol. 12, No. 4,
pp. 544-554, July/August, 2006.
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-116dBc/Hz
10MHz offset@66GHz
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Toronto| NEC FUJITSU
Technology 90nm | 90nm 90nm
CMOS | CMOS CMOS
Freq. [GHZ] 61 60 60
Gain [dB] 5.2 15.2 8.3
Psat [dBm] 9.3 115 10.6
P1dB [dBm)] 6.4 10.5 8.2
PAE [%] 7.4 8.5 2.6
Power 1.5vVx | 1.0V X 1.2V x
[mW] 26.5mA | 150mA 190.5mA
PAEIRE Fpe T
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7Aoo 0EEERITIUATRETEIET S,

1.55V, 12mAh, 4.8 ¢ ,2.1H, 0.17¢g

0.18umCMOS ‘
Eih 4B 8 :96h->125uA
2.0Mmm X 2.5mm  1opitdEEE = 2ie 2428 B e Py IR
MEMS ADC P JHEEIM 100uALLT
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MEE B %E%iﬁ%ﬁ
160 <43 15cmDEE
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*C/Freq converter & FM <4mW
*C/Volt converter & ADC
*C/Digit converter (AX type) <4.25mW
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SAR C/D converter 25

TOKyO TIEECFF

FEREEE (SAR) ADC+BERFE ALY —

- {EEH (No OpAmp)
- BEEVY—DAT7EVNEEDOHETEE

u I]\EE Kota Tanaka, Yasuhide Kuramochi,

Takashi Kurashina, Kenichi Okada,

. %ﬂﬁ% C %EJ':Z:EE and Akira Matsuzawa

7 Y “A 0.026mm2 Capacitance-to-Digital
. _L_D cm Converter for Biotelemetry Applications
SAR LOQIC _'I'- ( , Using a Charge Redistribution
= Technique”
= ASSCC 2007
( (}ls Off-Chip
1 ... L1 oF—
;|; scg; c;|; 32(:1;|;L Crnl, CrT 772'0
X

C
B va;FT o g ?'..;:133— Capacite

kVDD |
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PursuingExcellence

Resolution 8 Bit
Supply Voltage qi4% EX) AY CDC 4.2mW
Sampling Rate 262 kHz
SNR 43.22 dB
ENOB 6.83 Bit
Current {369 Wo>—"—236.6p\W
Consumption 360 uA (when using internal clock )
Minimum DNL -0.97 LSB
Maximum DNL 0.79 LSB T
Minimum INL 127L.SB Digitalh Analog
Maximum INL 0.99 LSB
0.026 mm
Area >
0.034 mm~ (
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DU NVEBRIZBULWTIRBREEV YD
BIR#L—FDENBEEHEVRNT

« MNoTWLBDITHL,
P NN S S~ 4o
i EHERIEEME YRR THRLAELY,
Al -#-Single Architecture | > RESEL FIHE
2 . . .
-0~ Differential Architecture =Skl
. FoM=250fJ/conv.
0 SLifixle
0 0.1 0.2 0.3 0.4 0.5 0.6
Capacitance Variation Frequency / Conversion Frequency 2nW @SOHZ
Reported in [1] This work
Supply Voltage 1.4V 1.4V
Resolution 8 bit 1190 10 bit
Current consumption of CDC 169 uAj > (?45 @
g y ——
Conversion Frequency 262 kSps 262 kSps
Area 0.026 mm? 0.11 mm? (estimated)
(C,,= 3.6pF) (C,,=10pF x 2)
Matsuzawa :
2009.04.16 A. Matsuzawa & Okada Lab. |
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L
800 ol
w +{ 9.80E-12 U8l
| el
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B
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g 600 | =
1;0 |_|’E
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3 y
- e
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,
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NTARYECEREENODBRETOINEBRENRBE TS

FoM=250J/conv.

Reported Reported Reported in [5] This work
in [2] in [3]
Process 0.35 mm 0.35 mm 0.18 mm CMOS | 0.18 mm CMOS
Technology Bipolar CMOS
Supply Voltage 3.3V 1V 1.4V 1.4V
Resolution (ENOB N/A 12 Bit 8 Bit (6.83) 10 Bit (8.25)
of ADC) (10.2)
Total Current 4.8 mA 895 nA 169 uA 6.3 UA
Consumption
Conversion 20 kSps 1 kSps 262 kSps 100 kSps
Frequency
Size of Core 0.2 mm? 1 mm?2 0.026 mm? 0.13 mm?
(C,, = 3.6pF) (C,,=10pF x 2)

BEZIBOLTVADEF VYDA Iy B EBAERBEZLIT=1-8

2009.04.16

A. Matsuzawa
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A—0w/N CERNDY IIL—FTHFHEHI[RALSIZRAFELTLNSAI,
AARIZLSIEAFIZT-o-THELT . BEAOERMBOERDEREFLELHTILVS,
LHL., A—H—IED K5ETIFFRIED /NSLLSIHEIEAFELELY,

Z_TC. KETLSIZHRT S ELTERYEOREE A S5 &L=,
BIRILX—NESFAREENCDERE
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Needs of new particle detector / -
OKyd '}

T ECH—
To detect the WIMP (Weakly Interacting Massive Particlgs)" "

IS a dream of physics
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rakyd TizCH—

PursuingExcellence

QPIX can measure the total charge Q, as well as TOF and TOT.

Readout .
| b - -~ 5 Pixels t"n?
Efield o_____/ \~
Fod v/
Cathode ! 2 > _\{f?;
. ______
- lonized . N>
4% electron N~
Y e i gt Boges T\~
trak x\. TOF |
. /Y
yd

2009.04.16 A. Matsuzawa




Building

blacks and timing 35

TOKyO TIEECFF

QPIX contains SAR ADC, comparator, and amplifier.

AD_EN AD_st

10ns

ck MU U uL

Dig_res_ [\
l l Tofgate L
Opamp_out /T \
AD_CK_J SAR ADC EOC 1) SARADC |
6 Opamp_out_i
Co-420fF + ToF
_ ""I( ..... v Comp_out < = ToT |
in -~
Tofgate Sam Comp_CK _[ LT/ L/ L\
D i < Sam
Q oo AD_st Jons,
CS'ZpF Cal_on
INPUT
8, 14 1’4
v hPam CK ;oT Counter| 1’4 >>§< ;’U Digital_ozt
cm
| T Comp CKe LCED.
yl( Vt— Comp_out =
R=5kQ, 15kQ, Cal oN e CK S -
50k Q Cal_CK— DFF_b JoF Counter
e _ Tofgate
3) Amplifier  2) Comparator
— —p Comp_CK
[ Analog _EOC | —» DFF_b
Dig_Res Control_logic [~ AD_st
. . I
[ ] Digital Comp_out —p 109 > Sam
CK —p —» AD_EN Matsuzawa
A. Matsuzawa & Okada Lab.
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PursuingExcellence

Layout of QPIX.v0

Chip area can be reduced to 100um x 100um
by further circuit optimization.

100 pm 0.18um CMOS

. 6b-SAR ADC
: OP Amp

. Comparator
. 14b-Regqister
: 8b-ToT Counter

T

G|
o EICTET N —

A G e

wn OpT
0o N o or A OWODN P

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

200 pm Matsuzawa
2009.04.16 A. Matsuzawa & Okada Lab.




Performance table 37

TOKyO TEECH

End of ‘09 Now

QPIX.v.1 QPIX v.0 Timepix
Dimensions 100x 100 £ m2 | 140 x 200 4 m?2 50 x 50 4 m?2
Preamp Gain 0.5-5mV/fC 0.45mV/fC 100mV/fC
Comparator threshold 1-10fC 10 fC 0.1 fC
ADC LSB/MSB 8fC/0.5pC 26fC/1.6pC -
Readout information TOF: 14bits TOF: 14bits 14bits

TOT: 8bits o Doy (TOForTOTor

counter)
ADC: 6bit, ADC: 6bit None
10Msps 10Msps
Power 30uWwW 350uW (80uWw) 6.5uW
Read out Parallel Parallel Serial/Parallel
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