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Fig. I  Schematic of single cantilever probe with

piezoresistor and nano-tip integrated
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Table 1 Mechanical parameters of the cantilever
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Fig. 2 Process flow of the devices (a) Oxidation
and pattern the tip area: (b) KOH etch for tip: (¢)
Light boron diffusion for heater: (d) Dense boron dif-
fusion for hole: (e) Light boron diffusion for piezore—
sist: () Pattern Al for wire: (g) Etching silicon for
cantilever; (h) Deep trench etch through wafer to re—

lease component
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Fig.3 SEM and CCD images of the formed structure
(a) SEM image of tip: (b) CCD image of probe-array:

(¢) CCD image of single cantilever
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Fig. 4 Simple thermal-electrical model of cantilever
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Fig.5 Resistance of heater versus temperature
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Fig. 6 Relationship between temperature of tip and

applied voltage by both testing and modeling
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Fig. 7 Tested and simulated temperature of heater
versus time under voltage of 4V and the heating time

of 3us
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Fig. 8 Tested and simulated temperature of heater
versus time under voltage of 4V and the heating time
of 100us
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Fig. 9 Tested and caculated resistance of piezorei—

sistor versus applied force on the tip
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Table 2 Sensitive performance of the piezoreisistance
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Sensitivity and Performance of Nanomechanical Electro-Thermal Probe’

Yang Zunxian, Li Xinxin, Wang Yuelin, Bao Haifei, Liu Min and Lu Deren

(State Key Laboratory of Transducer Technology, Shanghai Institute of Microsystem and [nf ormation Technology,

The Chinese Academy o Sciences, Shanghai 200050, China)

Abstract: T he fundamental working principle of integrated nano-mechanical probe’s realizing ultrahigh density storage is illus-
tratrated. After the design of component, both the theoretical and finite element method (FEM) analysis are provided. Using
the micromachining technology process, the piezoresistor and the electro-thermal nano-tip are integrated on the silicon micro-
cantilever. The second order relationship between the heating resistance and its temperature is mined by using resistance~tem-
perature demarcating technology. Further microsecond rank instant electro-thermal performance is tested, agreeing well with
the theoretical results and FEM results, respectively. Under 4V pulse voltage, after heating 3us, the temperature of heater is
up to 463. 15K. with the cooling time constant of 6. 2us and nearly 100kHz writing velocity during data writing. Under 2X
10" 'N force on the tip. the piezoresistive sensitivity coefficient is 5. 41X 10" *, which is sufficient for piezoresistive sensitivity

during data reading.

Key words: cantilever-tip probe: nano-electromechanical-system—technology: piezoresistance sensitivity; electrothermal
nano-tip: data-storage technology

PACC: 0670M

Article ID: 0253-4177(2004) 07-0863-06

# Project supported by State Key Development Program for Basic Research of China ( No. G1999033103) and Shanghai Nano—+Project( No.
O1TINMO77)
Yang Zunxian male, was born in 1973, PhD candidate. He is engaged in the research on (micro5 nano-electromechanical system( MEM S and
NEMS).

Received 20 July 2003, revised manuseript received 1 December 2003 ©2004 The Chinese Institute of Electronics





