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Over the past few years, an increasingly number of studies have been conducted on using the microcantilevers as
transducers in biochemical-sensing systems. With the bottom-up technology in chemical surface treatment and
biomolecular functionality and the top-down microfabrication on physical devices, the biofilm-induced CMOS
compatible microcantilever establishes a platform in real-time, label-free, and quantitative analysis which facilitates
the discovery of new drugs, monitor of the environmental, biotechnological methods, and materials for therapeutics
and diagnostics. In this article, we will introduce several important research groups in the field of Chemical and
Biochemical Detection. In summary, the anomechanics-based microcantilever platform exhibits its broad
applicability, effectiveness, high microelectronics integration, promising wireless sensor networks as well.
Therefore, a flexible, efficient, and integrated design environment should be constructed for MEMS industry to
speed up the design flow, reduce research cost and improve the product reliability.
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machining) > B AJ{ERY & [B] EBRUERURSER AT
feife o DURY dil R BT B b i R I 2R A i)
w0 PIBHGAE AR R IR RS - B RS E
EFE RS R PR EE A HUE RS - RS ESEERLRE ~ W RE
EVHFEAFEN T8 - (KEEHERE - BIEJUESE -

T AR AR AL R A ) it B i TR S Z R A
7% HEm e B e EERE R ARENES
AN JTTERRBR BT - SR BT IE > EE(ry4E
YRGBT R R R G - AR A
i FE B R GE S R E MY % (enzyme-link
immunosorbent assay, ELISA) ~ %1% B8 kb %
(turbidimetric immunoassay, TIA) ~ RH G IEEE
(rapid immunodiffusion) » DL EEREEEE 1L (visual
agglutination) o b3l 77 1 25 07 i o 5 I JE R
(antigen) F1#8 (antibody) HYEE—4: (specific) FEFS
57 AR E s ERY T FGERE M A EERIHEY - 2

IR RER - FEAAROBEE R EY 5+
Fe EB VIR - R R (RS
BH RS - MBEREE - KRR ERE R EEA]
RESAT bRl (B2 - e EvIME ~ AT =
AifEER - RN ERRAERERR - EBHEER
FAFFAAES - AV B RERE - S5
KB S EEL > A > el LB S B R S
e B AR i AR B > W B R I AT R
B (AN S AMIREE VN — B R
Vi b ARSI -

AR LURIE B 53 A1ERBH CMOS MEMS
RE R ER E R R A AR EE - Hih
DL TR B R 2 | R EiF— RS AR
BH - ST H i PR SR E A L B B A L I (%
FITERGE T A - WS 73 E R AR R A
B2 FRIEIE ST » AR RS Y T RERR T - 2 1%
HLL [fHAER CMOS MEMS U ERREIFE | B
A 0 SRR E — B A A E T B E R
HMEEE Z SEREF R -

- MRERE 2R ALz
&R

R R — U [E E — IR R OR SRS - It
TEAE T A e R — &R T B - flalE /7
ZEE (atomic force microscope) HJEEET » FI FHEEET
BRI MR T ~ §HEE 180 LIS FLE 12K
HURFRHIYIRIR IR o TS IR EIET
LR E Y SR IRRR R E > Y55 ERR
Fripps RIEET) ~ EEIEZE (DNA) 55
& - EHETUR —Piss e R aEH - IR ZEY) -
IBEET PR o V) FEER R E R
ACHF - E R E R E A —RAES) - HLETIREE
R E R @R 1 Fras) o BEEdaBER T
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Rifih » AS R R E AR R -

SN EEFH CRP FIEERE (1 mg/mL)
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10. HHEZ 247 o

specific antigen, PSA) (A& 12) - L4 > £ 2006 &
Shekhawat £/ Science HATIFEHILLE & 1550
fh B8 (metal-oxide semiconductor field-effect
transistor, MOSFET) HY#T#EM0 & E e B 1R 4R
VRGeS (A0 13 For) > R E LA
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FARMIRFES I IE

TR R RS B PR R B R Y B L AR (R
EHIK > BEAESBERE - KRR EEEDGHSRH
(BB MR TR U T B R | E ) S R
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1. BT URBf9F 2 EF = /I1/EF (Electrostatic
Interaction between Neighboring
Adsorbates)

A 5" IS Efiff NS B RE L BL5E DNA B 1 ik
(single—stranded deoxyribonucleic acid, ssDNA) I fff
Rl B - & RIARIT I S B T . BLGE DNA §H45
[ii)z3 i%ﬁé}ﬁﬁ:m’ 25 BB T (alkanethiols)
s FRYEHEE E (self-assembly) ﬂl.ﬁ?
(e 4B RAYERERIER T » HEm R —
fff A4 (adsorbate-adsorbant system) 5 l%tﬁﬁ%ﬁ
FE ST Ry -

“\

Slllcon nitride cantilever

’rl. g, \LW

Gold- coated
silicon nitride cantilever

‘ Deflection

Embedded MOSFET cross-section

0.04

-0.01

0.00

|~ 1Tug/mL
~~ 100 ng/mL
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N —=— no PAS (PBS)

PSA Injection : 100s

L

& 12.
JR X B
i i i i M " i i ﬁ?} }ﬂ 7‘;{‘\ PSA '(#XK
-100 0 100 200 300400 500 600 700 800 9001000 w1 (18)
Time (sec) A e

Channel under stress

2. 40 B Rt D FzZEBER 5 (Steric
Repulsion between Neighboring
Adsorbates)

E B Bk R ELEEIZER (ssDNA) R

MR R AR AR = RE - AHAR Y BRI R AL

P e 17 M e T IR BT 22 R > T S i 2 e P > S

FRIEE S -

. XRMEME/KIFHE 24 (Changes in
Surface Hydrophobicity)
W03 HINR I T DASE B s AR R [ K PR E
Bk R - BlanfEsR A TG L eE 2 E R
M - g RFRIEE HE &R b S U E e i

(24)(25) o

SIN, Layer

Au Layer

13.
YA MOSFET

Source

Rk

< < +— Target injection B EZ BBRE AR
£ Reference 3 ,
§ § ARG o K
= 5 BE 4B R <
3 Probe-Target binding 3 F xR ~F & E 250
£ g m -~ % 50 um ~
5 5 Silicon u
i ime (mi B 1.4 um™ -

(b) Drain voltage (V) (c) Time (min) Z 1.4 um
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Differential deflection (uv)
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4. IR D F 2 1B cdE (Conformation
Changes of Adsorbed Biomolecules)

TERRE R & LAY IR I R e
R REES L - TiE A ae RN MR E R
TH]_EOR BT A= ) 0+ HARTE 2wt Eg PRV IR EL
RN b 2 18 2 #E T i * (comformational
change) 5[ AKEIET] - BEHEE BRI HERE
HE i -

5. ZE A RRERMHE 2 & (Changes in
Conditions of A Buffer Solution)

PR ER PR R E S R R E R E
#£J (electrical double layer) 2 %1l ; BEFHIERE
[HIBGE IRAGE AR S End il U B i il -
BeAh - FRENVE R (pH) B L& H R E R
I [ JEY) < BT ERE L (protonation) B(EE
1t (deprotonation) HJ5Z2E » FET-[EIRVHER Tk
SRIAI TS () L SRR R 7

= - CMOS MEMS &2

1. BEREERAIZE

FH AT SRR 3 BT P AR E R Rl B T2 3
JEFEI TR L - A5l B el e
faifl] o FERLECMTZERE T - Al RISt LB MR s AL
PRI RRK - FEECEER AL Fr > DIERREEAR
5 R SR TR IR IR A8 - 15 2RI AT R HI &
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o AR EERREE RN R - Hok
HIZEE T N R - HALZ2R - BEREIRN S
THENRERER L SIS sRe R S A iR
7= K% R A R E R EEZEH CMOS
MEMS %t 8 ¥ Fa B A8 U D RE MR B AR E 1% - A
IR RE IR P/ - R BRI - DL
FRFERIRFE B - S AHEL T (system on chip)
HIERY © BEAh - (B EE R i 58 A ] [ A A R S Bl
FERIRTRE » DOZFRHMEGRITEK « KL - K
ERRRGHIER - FERS MR A A DU I E R
O TR R E R R T — (5 -

H 17 B P 22l 572 3t B 2R s et AL (Chip
Implementation Center, CIC) f2{t NEREZEARTS - DA
BB ~ BIlE I R EEF B B E > R
7 ~ BHEL B A R R s E A EEEE 2
CMOS * CMOS MEMS & CMOS Bio-MEMS #{
12 > Dl @ N RIS E: KAftah g a2 at oK FIIH
B %2 i Fr At e U D AT ER 2 2 TEEE TSMC 0.35
um 2P4AM FTEHEREREBE R T fEIL SR R
TIEZ LY (poly-crystalline silicon:poly-Si) fz
VY/E < B/ (metal) > CMOS BUFZELEHABEH N-
well TEF PMOS HUIREHIE - BEEHERTHE
(active region) HYHI[E - fEr]JEREHZFER < PMOS Hl
NMOS WA E - E & S5 AR5 8 L
(field oxide, FOX) ° Z & Al3# ARG ALY & LI
Y » AT FZRBUEES TR polyl ;5 Hin]EE
R T H) I E R Y o ] FHREEER -

Passivation M4 9250A " SisN,/SiO, (10k/4500A)

Sanoape s DS K
26.4 kA | | M3 6400A ="

: { IMD2 10k

| R

VD1 10k ]

g .
M2~3 : TiN (ARC)/AITIN = (1.4k/4k/1kA)
M4 : TiN (ARC)/AI/TIN = (250A/8k/1kA)

Via : W/TiN/Ti

contact : W/TiN/Ti

15. TSMC 2P4M # A2 41 & 7 & | ™ -



Ky poly2 - Bz Al N BUsk P RUEEF{fi{E 53 Bl 58
NMOS #1 PMOS -

Z e B < RSB (contact) FHHE
B eBENeBE o MiaEREILE (via) HE
o s A R B R RS E R REE
(passivation) > 75 [EHEBHFYIANE 15 Frs - FH AL
FriE EJ7R RLS mask (OG5 E e 77 B2 &
1) E 2R & A &L BAY FAR/F S8 1 5 (R 452
BhZ > ] RF I RS o S E Y B R ZE
JREEEER]E 25 um DAL > DUG RS E TR E)
E o FRA Rz B 5 ORIl hs s - e T
R BRI BB E M E - BREERRRE
= e @ 16(c) Ry AERAI 035 1m 2P4M B Y
poly2 & i JBE [H &g Ay 3% &t < R [H = i & & R
(cantilever) #51# » HJ& 150 ym ~ E 50 um ~ £ 1.8
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