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Piezoresistive Transduction

Applied stress/strain affects resistance In
plezoresistive materials

Discovered in Si in 1954 (Bell labs)

Physics: majority carrier mobility affected by
stress:

— In p-type Si, hole mobility decreases: R increases

— In n-type Si, electron mobility increases: R decreases
Advantages:

— Simple fabrication

— Simple interface circuits: measure change in R using a
simple Wheatstone bridge topology

Disadvantages:

— Temperature sensitive
— High thermal noise
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Piezoresistive MEMS Examples (1)
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Pressure sensors

Cell force sensor
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Piezoresistive MEMS Examples (2)

= Membrane type ‘ ‘

Pressure sensor: | &g IE;

= Cantilever type

Acceleromter:
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Piezoresistive MEMS Examples (3)

Piezoresistive Flow Sensing

Piezoresistors
Fluid flow (in Wheatstone bridge)
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¥ Cantilever deflection is translated into a voltage signal via the
Wheatstone bridge.

¥ Voltage change is interpreted as flow rate.

¥ Can sense direction and magnitude of flow.
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= Consider the resistance of a rectangular beam with
resistivity p [Q cm]:

R= pL
A
L INnR=Inp+InL-In4 (142v)
dR dp dL dA dp
_:_+_—_:_+g(| +\_r)
R p L A4 p f
piczoresistive gauge
cffect cffect

dR dp

e For semiconductor piezoresistors, dp/p >> e(1+2v): 7~~~

e Gauge factor: Gr _Cl‘""?’? — R(e)=R, +dR =R (1+ GF ¢ )
Material Gauge factor (GF)
Metal foil 1-5
Thin-film metals’ ~2
Doped SCS' 80-200
Doped poy 57

NFT Nano Fusion Technology Lab. FaAR Syl NiaEra Uriv. AE
http://nftl.snu.ac _kr ’




Piezoresistivity in Single Crystal Si

R I
‘ K—slrcss tensor
piezoresistive

coefficient tenor

material p [Q2cm] ;4 [10-11Pa] IM,,[10-11Pa] M, [1011Pa1]
n-type Si 11.7 -102.2 53.4 -13.6
p-type Si 7.8 6.6 -1.12 138.1
p-type polySi 0.005 dR/R =TI, =12 x 101 Pa!
. . dR
* For l1-dimensional ?=l"l,crl +I1o,
loadmg: Longitudinal direction —f
Transverse direction
O,
I
* For the <110> nlzg(nll+n12+l—[4-i)
direction: |
[1, = _(Hn +11,, —l_l“)
2
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Piezoresistive Sensor Interfacing

" Wheatstone bridge
— Good sensitivity
— Temperature independent (to first order)
— Simple implimentation:
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Piezoresistive Sensor Interfacing (Con’t)

* Simple case:
let R;,=R,=R5=R_, and let R =R (1+x):

o[ RO+ R
° NR(A+x)+R, R +R,
_y (1+ x) _l
N Q2+x) 2

X
/ a R V : :’
ki for x<<1 :

I

1 [

* Qutput is linear for small strains

* Response in terms of GF, strain:

GF=LBR  AR=R-R =R (1+x)-R,=x o
e R 0 i *
]
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Piezoresistive Sensor Interfacing (Con’t)

o 2-R case:
let R,=R,=R_, and let R =R _(1+X):

X
o CR(1+x)
’ R(Hw)+R +R(Hw
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