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A Wireless Bio-MEMS System for C-Reactive
Protein Detection Based on Nanomechanics

REX - ZARFE "R MW BEL

Chun-Hao Chen, Rong-Zhong Hwang, Long-Sun Huang, Shiming Lin, Shey-Shi Lu
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A quick (< 30 min) wireless label-free detection of disease-related C-reactive proteins (CRP) using a
200 ym MEMS microcantilever housed in a 7 X 7 mm’ reaction chamber with a safe reusable feature is
reported for the first time. The deflection of the microcantilever due to specific CRP-antiCRP binding is
detected using a position-sensitive detector and the converted bio-signal is transmitted by a custom designed
wireless ASK transceiver IC fabricated in a 0.18 um CMOS process. Clinically relevant CRP concentra-
tions from 1 pg/mL to 500 ug/mL can be detected. A 0.2 Hz 1 V ac signal instead of traditional bases/acids
is applied to the bio-MEMS sensor to unbind the CRP from the microcantilever for reuse purpose.
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Gain Stages
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| Reg Instruction Decoder |
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| Data Converter UART | |
Control TX |
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ADC active Serial out
B 14. a4 T EREME -

(3) iR IR

PO HI BT RS T AN E 14 - HERThRE
FEIRANTT o W AT 3 Ry W (= SE RS PR ¢
UART RX & UART TX ° BfEERHERL » F1M
i R LLE IR R I EE 28 (UART) HY{ERR =R

CS Amplifier
| Off-chip___
__;E 12.
ASK % T 3%
De:fa
Off-chip
Class C PA 13.
ASK 4% 8 5%

STOP COMMAND ADDRESS ID  START

1bit| MSB 4bits LSB | 2bits 2bits  [1bits

B 15. g EHA R -

s -

BRI R E RS A E 15 - 78
fafTChRt - TIAT B30T (ID) ~ RLiEs AL
HE{7 7T (ADD) ~ #2674 (command) T HE{F
IEAZTE © #F UART TX FBEREGT LmE > FAMERETHE
REHTERMEZANE 16 - UART TX i L8
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STOP DATA START

1bit] MSB 8bits LSB | 1bit

16. 1R EF AR -

% UART RX £ E a2 % - QIZCHFES S
#% (instruction decoder) * f5-< R IE#Y AT B2 HY
TRSERER T TR - WAMTERR T IUFEEIR(E
fE = ¢ fF A (idle) ~ B2 (convert) ~ &%
(transmit) FI5#7E (continue) * HrfFamiE = B ELh
INREZ RS R &8 ADC » B RAE
FEERGRE M AT EHAR - AU 2] UART
TX FERSEEENIRR BN » SHE RS = AT A
HAYSE L PSS

R1ERABRAKER K B -

Technology 0.18 um CMOS
Chip area 3.4 mm’
Preamplifier AC gain 0—60 dB
Micro-control unit operation clock 500 kHz
8 bits successive approximation ADC
Clock rate 500 kHz
Conversion rate 25 kSamples/s
INL/DNL +1LSB/+0.5 LSB
SNDR 47 dB
ENOB 7.5 bits
Power consumption 135 uyW@1.8 V
ASK transmitter
Carrier frequency 433.9 MHz
Maximum data rate 500 kbps
Output power —20 dBm@50 Q
Power consumption 19 mW@1.73 V
ASK receiver
Sensitivity < -35 dBm@433 MHz
Max data rate ~2 Mbps
Power consumption 136 mW@045 V
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TR > AR ERRE EAASSE - At ThsrE L H
— - HE 18 AIEl > fE—AVIFI T (1—500
ug/mL) - FARERRE A e 2 R -

2R > PURB TR AISETS AR F s i 25
B > A0 19 o AE SR H—fE A (KA (0.2 Hz) B
iRl Ry 1V BASIRENGR - IIFE AR B REVUFE A8
i R AR B R - > 20 20 - & 21 BERHE
INEE S RTELINEE S 1% R R nT IR B FR AL &
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Wireless circuit
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