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Motivation

Increasing demand for wireless healthcare systems

Ex1) A patch to monitor [1]
Blood pressure
*Heart rate
*Other vital signs

Ex2) Swallowable capsule
endoscope for monitoring
stomach and intestine. [2]

.‘L‘ Y

[1] [Online] http://news.com.com/The+next+thing+on+the+Net+Your+cardio+system/2100-11395_3-5865625.html
[2] [Online] http://www.rfsystemlab.com/sayaka/



Motivation

Some wireless healthcare systems
require pressure measurement.

(e.g., blood pressure, sound pressure)

Capacitive
pressure No
sensor static current

» A capacitive pressure sensor

Interface circuit
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Target Application

Sensor interface for Bladder monitoring

Components of the Urinary System

Kidney

Ureter

rethra

3 days pressure measurement

[Online] http://ja ed )
http://ja.wikipedia.org/wiki/Wikipedia: Text_of_GNU_Free_Documentation_License



Bladder monitoring system

-Low power : 100upA order battery
-Small size : 8mm x 5mm

lPressure
£ D> =
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Capacitive_ Interface ... Antenna
5mm Sensor Circuit
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Micro compute
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Capacitive sensor interface

Conventional circuits
*C/Volt converter & ADC [3]

®large area and high power consumption

*C/Digit converter (AX type) [4,5] <4.25 mW
®Opamp: high power consumption

» SAR type C/D Converter

IS proposed.

[3] J. C. Lotters et al. “A sensitive differential capacitance to voltage converter for sensor applications,” 1999.

=100pA
order

[4] M. Yamada and K. Watanabe, “A capacitive pressure sensor interface using oversampling A-X demodulation techniques,” 1997.

[5] Analog Devices “AD7745” Available:http://www.analog.com/jp/prod/0,,760_1077_AD7745,00.html
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SAR C/D converter

SAR (Successive Approximation Register)
+ capacitive sensor

© Low power (no opamp)
© Small area
© Robustness to supply voltage fluctuations

: +H—>
E SAR Logic 1| Comparator
ST eeeeeecccccccs, . ,"':l'"\
TUI YA
" Capacitor  Capacitive
Array Sensor
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Problem of capacitive sensors

Dynamic range does not match

Capacitance

A [ ]
T sensor /
Code:255 4 ------ccccfev--- B.a..r.'.g..e ........
Converter
Dynamic
Range H._.--- Offset
(Fixed!) Capacitance
Code:0 >
Pressure



Proposed solution (1 of 2)

1.Sensor capacitance scaling
= Any large sensor capacitance can be
measured.

CapacTance

Converter Scaled

A Sensor

Range Range | « | Range
2pF 2pF .1 100pE
ce-d-
gl i Offset
I Capacitance
................ .
Pressure



Proposed solution (2 of 2)

2.0ffset canceling
Converter range is shifted to the scaled
sensor range

Capacitance

A [
Shifted o4 . Tsensor /Z
Scaled ~| Sensor
Converter 4" | Range
Range Ranqﬁﬂ,, g
,..-1'/ D" Sr
“Fe-cc Offset
14 Capacitance
U8, 4 "2 SR I >
Offset Pressure

Canceling 10



Full range conversion

-Sensor capacitance scaling
-Offset canceling
Full range conversion can be achieved

Capac?ance

‘| Sensor

Shifted

Scaled
Converter Range “',ﬂ Range
Range e
' 0 ----- A3

I.- S:Y.': ...............

Offset
Capacitance

Pressure
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Proposed circuit

HT> .

SAR Logic f ¢ Vem | Off-Chip
- o_!_

T Vs '

{ Cs T ———— - 7 Cyx ;

4 1. 1L L1 1. 1 Capacitive‘

q& 8C] 16C 32(1‘_[1 o 2Vcq 2"’c£ Sensor

e s &D;ITWDD

..................................................

Offset canceling capamtor array

-Sensor capacitance scaling
k . Scaling factor

-Offset canceling
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Offset canceling operation

+
SAR Logic < 1r,I_"ch _ ‘
= Y vx ™~
& LG
l L1l 1L L 1. 1 1 Capacitive
c§|; 8¢T “16CT 32C c.}'|; M) 2”ci§[1 lIl Sensor
Pressure
i e A ¢ s & i AN
rT ? 1 TkaD OmmHg

The Sensor shows offset capacitance
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Offset canceling (1 of 5)

SAR Logic _<|»- t i Ve e Qx
= V, e

k] 5 —~“c,
J_ |} ]

L 1 Capacitive

ac 1ec 3zc cR oM T 2VCe Sensor
TVDD kVbp

Store charge to the sensor
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Offset canceling (2 of 5)

.'.
SAR Logic _<|»- (I Ve e Qx
= - vX ~
& C,
1 L L 41 L i Capacitive

cT "scT "16cT 3267 o 2™eJ 2Vcy Sensor
METAE T AR AT A A U X S
T Voo | °kVbp

Charge conservation
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Offset canceling (3 of 5)

.'.
SAR Logic _<|»- (I Ve E— Qx
Y - vX =~
¢ G l C.
1 L L 41 L Capacitive

¢l "8cT “6cT 32¢] o 2%'cy ZNC?-]; Sensor
e,

—_—

Charge redistribution
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Offset canceling (4 of 5)

+
SAR Logic f (I Ve pE— . Qx
= _ vX ~
P l —~“c,
4 L1, 1L 1L L1 L Capacitive

¢l "8cT “6cT 32¢] o 2%'cy 2”0%' Sensor
e,

*

Capacitance comparison
N
2 CR > ka offset ?

MSB Capacitance Sensor Capacitance
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Offset canceling (5 of 5)

cT '8cT 16C] 32C€] Cxq "'2""10.%2”
e

CiRI{ Sensor
= nL -= T
F:T Voo | °kVop

+
SAR Logic f (I Ve — . Qx
'Tf c. {vx C.
| O I N T : Capacitive

*

Charge redistribution and
comparison sequence proceeds

18



Comparison seguence

Cap
Offset
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X_offset

Sm aII
Sm(,i”eﬁmary §earch
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Time
19



Operation

SAR Logic f g Ve

- 7
c. C.
1 L Capacitive

I
c 16C 320 cl  2“'cq 2“’cR Sensor
VDD

-L—

Q

Converting the varying part of
the sensor’s capacitance
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Operation (1 of 3)

SAR Logic

j--l-

TPch

OQX

M\
A4
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Cx
Capacitive

IT:j Sensor
I VDD

Store charge to the sensor
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Operation (2 of 3)

+
SAR Logic f (I Ve e Qx
= - vX =~
[ C,
1 ... 1L 1L 1. L Capacitive

cT scT 16cT 32T cd  2™'c- 2“’cR Sensor
Rl S T Ak A X2 & Anininit X Sl
vDD

-L—

Charge conservation
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Operation (3 of 3)

SAR Logic < 3> Ver __ Q&

- ~ V
T.Qy Cs - Cx
I J.== L J.{ J.{ { J_£ : 7/§apacitive

?IA 8?"1’6%320% el 2ved 2Ved Sensor
[ S A & f ﬁ' é" L, TkaD

3. MSB conversion

V
- bD (ZCR +Cpysg —KC,)>07?
total
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Conversion features

V
B2 (3 Cr +Cuiss ~KC,) > 07
Ctotal
1.V, does not affect conversion result
Voot Supply voltage

2.0ffset canceling
Cg: Offset canceling capacitor

3.Sensor capacitance scaling

k : Scaling factor
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Chip photo

Digitalk Analog

Area : 0.026 mm?

Total capacitance : 6 pF
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MEMS sensor experiment

Output
Code
255 ,
250

240
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220
210
200

0 10 20 30 40 50 60
Pressure [mmH(g]
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Measurement results (1)

Resolution 8 bit

Supply Voltage | 1.0-1.8V

Sampling Rate | 262 kHz

SNR 43.22 dB

ENOB 6.83 bit

Current 169 uA @Vpp=14V
Consumption

DNL -0.97t0 0.79 LSB

INL -1.27 t0 0.99 LSB
Area 0.026 mm?

Total 6 pF,

Capacitance including 3.6 pF offset canceling cap
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Measurement results (2)

The same SNR for a supply voltage
of 1.0Vto 1.8V

Supply Voltage| 1.0V 1.4V 1.8V
SNR 43.4 dB 43.2 dB 43.2 dB
ENOB 6.88 bit 6.83 bit 6.84 bit

*Bias voltage is changed in proportion to
supply voltage.
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Conclusion

A capacitive pressure sensor interface
circuit Is proposed.

It Is suited for wireless healthcare systems.

© Features
Low power consumption: 236 u W
Small area: 0.026 mm?
*‘Robustness: tolerance for V5 fluctuation

*Full dynamic range conversion
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Thank you
for your interest!

Kota Tanaka,
astrokt@ssc.pe.titech.ac.jp
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