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EXPERIMENTAL SETUP

+ Emerging applications in areas — Internet of Things, Biomedical implants and
Wireless and Autonomous Sensors — demand systems having integrated, linear Digital S 80 ¥
and multi-sensor interfaces. Storage [SREIS T 2| untai | peparameler
) . . _ Oscilloscope [N B ¢ : 3 g i teSt port
+ Low value capacitance measurement helps in Industrial, Automotive, and Defence Bagen 220: "
systems ENA
. . . . R Series
+ Medical / Industrial diagnostic capabilities MXA Network
+ Compatibility to standard CMOS lows f lable desi d Slgnal malyzer
ompatibility to standar process allows for scalable design process an Analyzer Agilent E5063A
higher capacitance stability nalient
+ Sensitivity reconfigurability | Pulse
4+ Our Work aims to create and an integrated sensor interface that operate at the Digital 2 ;‘r'gi‘t’:?r';
highest possible sensitivity scalable to function reliably to measure capacitance. =lorag : — Generator
Oscil Ioscope Test DC Power Injection Agilent E81150A
Agilent DSO-X-2012A interface Supply Locking port
Proposed Solution for Sensor Interface ‘ Figure: Measurement Setup
Smart ADC-based Sub-system for Instrumentation Applications
ST T T T T TS T TS ST T T s e | Challenges in Integrated Sensor _
I Offset Y 30880885
I I I nte rfa ce Measurement Gapacitance
o+ Signal / | + Reconfigurable 1 / Measurement / i —
| | SENSOR [— - yiio o [ Amplifier \ADC _:_ + High Sensitivity and Linearity NO l
C : ) : + Dynamic range matching of ADC farn N e P
: I | input and sensor signal output l - to the system
I .
: Smartness | + Low I.nterference Measure the Measure 1
: I + Multi-sensor frequency cuut No Offset e Vo ) ) ] ]
L _SAsL . & Low Cost / Area sers ,_ef T Jesvene | Figure: Die photomicrograph with
l foens , fer key layout blocks highlighted
Read output from 1
PFD &CP Vout |‘_J
Mia M3a Mb5a
Read output from Vetri1 rHI I—HI r "
Proposed Architecture Fived afser, a1V, Measured autpuef F0 & GP Vout A w
i Af due to AC, : V/, afe: Vou E v
SAME CLE T A out . ¥_ | osc
CONTROL AND = Mé
SAMPLE LOGIC SAME OUT M2[ _T_Cref M4[ L Ceens I:
NOMINAL SENSCR DELAY EFROG. foens f
F AP DSCILLATOR CRELL DIVIDER EN RaT > j Vetri2 |_|[ M2a |_|E M4a |_|[ Mé6a
CSEH YouT fsens fref AC, Jsens' fref - = =
[ PFD BUFFER Cap_SENS
Figure: Measurement Flow R VAR V0 V0 V0 VR V0 U Vi VR VO P
NOMTNAT, REFERENCE DELAY PROG. J %{ ié S| g8l &8 s “i{'i{sj é;%;ii
CAP OSCILLATCOR CELL DIVIDER Cot  EE ITETEiEIE feimimms SETEoLTL
fer — [T [T 5
Figure: Sensor capacitance
integrated Oscillator
TUNABLE SENSITIVITY AND ADJUSTABLE DYNAMIC RANGE

: TR Time Sensitivit
Capacitance Sensitivity Y
aTdiff ZMI/OSC 0.6
150 - = oV, N(N+1)I .
WCaigr loan @ _pNW+ D)l Voltage = 1.2V Capacitance Range = 0 - 100fF Low Power [2-6] 0.7mW
28 - - - N AV/AC = 20.3mV/pF dCqirs 2 Cep
- 5r 14 : : . . : ° ° ° °
K I vt R N Lowest Area [2-6] 0.17mm?2! Highest Sensitivity [1-7] 244.8 mV/fF !!
s g [ = 0.45¢ 212 T T T =~
o = 24 g < 3 o7
5 1) S0 Rr%@?‘; g | AV/AC=8.1
8 50! 5 nteres ~~_ £ mV/fF
w - — 22 osst o b r "E _
= e e 7 .%5.‘8 Target Sensing Technology Area Power Sensitivity
. | . - =>»% o Bogr AV/nc=4s /7 /- - Frequency Consumption
0 Cgpacitance (;2) 15 188"'“:“"'";“:“5" :OK '"'R“T-:_'_R:E"m 0.25 . : . " N e T o [1] Capacitive Sensing 1 Hz - 1 GHz 0.18 pm CMOS 3.9 x 3.83 mm? 30 W/channel 164pAfaF $
Capacitance (pF) Capacitance (pF) T hange In Capacitance, AG (pF) [2] Capacitive measurements DC 0.5 pm CMOS 6.4 x 4.5 mm* NA NA
. o _ o . _ o _ for DNA detection
Figure: Oscillation Frequency and its sensitivity to capacitance Figure: Charge Pump voltage sensitivity and effect of parameter selection 3] Chemicals Permittivity DC 0.18 m CMOS NA NA 330 mV/IE
detection
e e o 1 [4] Impedance Spectroscopy 10 Hz - 50 MHz 0.35 pm CMOS 2 x 2 mm= 84.8 mW 330 pA
Overall System Sensitivity Performance of Reconfigurable and DNA detection (BW = 10 Hy)
[5] Humidity DC 0.6 pm CMOS 4.8 mm= 1.19 mW 30 fF/%RH
PR -+ Sensor Interface dotostion (BW = 1 kHo)
v MV. 1 | 10 uA 50 uA 120 uA [6] Capacitive Sensing 0.5 - 500 kHz 0.35 pm CMOS 0.94 x 1.08 T"ﬂ:?’ﬂg 6.4 mW NA
Total ___ P =:DN(N + 1) P Il:'S':| a7 H H H [7] Capacitive Sensing DC - 1 kHz 0.18 pm CMOS 0.028 mm* 165 pWipixel 200 mV/tF
Sensitivity 9Cairr : Cepl Letrt D=1 | D=10 | D=1 | D=10 | D=1 | D=10 This Capacitive Sensing 0 MHz - 24 MHz | 0.13 pm CMOS | 0.7 x 1.25 mm?2 0.7 mW 244.8 mVAF
______ S o = work 4.2 mV/AF |
Voltage Frequency N=4 0.77 | 7.65 1.8 18 ¥ derived
— ¥ With the tuning variables set at [I.p, N, D] = [120A,16.10]
N=10 ) 8.25 4.2 @ 2.9 23 T With the tuning variables set at [I.p, N, D] = [50uA.10,1]
- Sensitivity Reconfigurable \ N=1‘6/404 204 | 1 102 {2448 2@
> |

Parameters Low Sensitivity; Moderate Sensitivity; High Sensitivity;

Large Capacitance Tens of femto farads Tens of atto farad RE F E RE N CES
\sensitivity — [Icp' N’ D] (pF) measurements (fF) measurements (aF) measurement

\_ W, 1] Sonkusale Sensors Oct, 2004  [2] Stagni JSSC Dec, 2006 [3] Ghafar-Zadeh TBioCAS Dec, 2007
4] Manickam TBioCAS Dec, 2010 [5] Cirmirakis Sensors Oct, 2011  [6] Chiang Sensors Oct, 2007
Measured CV Characteristics of the different dynamic ranges 7] Prakash TCAS-/ May, 2009 [8] Javed GS ISCAS May 2016
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Sensor Capacitance (fF)
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Function

Linearity Error (%) 1.262% 0.94% 0.81%
Range Wide Moderate Small Web: http://www.ece.iisc.ernet.in/~arsl
C it , . : . :
abatanee 3.2 pF-12 pF 10-300 fF 1-100 tF E-mail: gsjaved@ece.iisc.ernet.in

Dynamic Range

I, N.D| [10pA A4,1] 50uA A4,1] [75uA10,1] Address: Analog and RF Systems Laboratory (ARSL), Indian Institute of Science, Bangalore

f I.,=Charge Pump Current, N=Measuring Interval and D=Frequency Division Ratio
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