
Conventional Hot-Wire Anemometer



Micro Hot Wire



Advantages

•much smaller probe size ( mm to µm )

•better spatial resolution

•array of the sensors

•higher frequency response

•lower cost 

•performance/cost ↑



Fabr ication Process (I)

8µm heavily 
boron doped 
etch stop layer

10µm lightly 
doped epi layer



Fabr ication Process (II)



Micro Hot Wire 



Operation Pr inciple of Micro Hot Wire
- Hot wire anemometry use the convective heat transfer from from heated sensor to the 
surrounding fluid to measure the velocity.  

- The amount of heat transferred per unit time is inferred from an electric signal that is 
related to the temperature of the sensor.

- The signal results from the unique relationship between the temperature and 
resistance of the sensor.

R(T) = Ro [1+ α(T-To)]

where Ro and To are the resistance and temperature at a reference condition, and α : 
Temperature coefficient of resistance (TCR)

α = (R –Ro)/ [Ro (T-To)] =∆R/ (Ro ∆T )

- Overheat ratio 

αT = (T-To)/To

- Resistive overheat ratio

αR = (R-Ro)/Ro= α ∆T= α To αT



- Heat is introduced into the sensing element by Joule heating and is lost by convection, 
conduction and radiation.
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σ:  Stefan-Boltzmann constant (56.7 
nWm-2K-4)

S: radiating area

Ts: temperature of sensor

Tf: temperature of fluid environment

The radiation loss is much less than 
the convection losses.

)( fsc TThSq −= h: convective heat transfer coefficient

S: area

Ts: temperature of sensor

Tf: temperature of fluid environment

P = i2R = i2 Ro [1+ α(T-To)] 
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Basic heat transfer  mechanisms



- The time rate change of energy within the sensing element must equal the difference 
between the power input (P) and the heat leaving the device (F).
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The energy equation

F = qs+qc+ qr



The Constant Current Anemometer
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To reduce the current fluctuations to a relatively small value requires

1)/( 21 <<++∆ RRRR

So R1+R2 must be large.  The fixed resistor R2 should be sufficiently large to 
eliminate the possibility of accidentally burning out the wire when either the variable 
resistor R1 or the velocity is decreased.

The current through the sensor can be determined by measuring the voltage drop 
across R2.
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Governing Equation
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For constant current mode of operation, ∆i=0, the system is forced by the velocity 
fluctuations alone.
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To determine time constant M, an instantaneous change in current or velocity
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Time Constant of a Micro Hot Wire (I)
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(a) Unsteady heat balance over a micro hot wire:



Time Constant of a Micro Hot Wire (II)
(b) steady state heat balance over a micro hot wire:
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(c) Estimation of the time constant, M:

)]()(1[[
)(

]
)(

)](1[
[

])(2[ 0
2

0
20

2
0

2

fsfs
fsfs

fsc TTTT
TT

Ri
hwcl

Ri
TT

TTRi
hwcl

Rilhwh
hwclM

−−−+
−

=
−

−
−+

=
−+

=
αα

ρ

α
α

ρ
α

ρ

2
00

2

)(
)(

)(
i

TT
hwl

R
c

Ri
TThwcl

M fsfs −
=

−
==

ρρ

αT = (Ts-Tf)/Tf

(Ts-Tf)=αTTf = αR / α

αR = (R-Ro)/Ro= α Tf αT

))()((
)(

2
00

2 i
hwl

R
c

Ri
TThwcl

M Rfs α
α

ρρ
=

−
==

material geometry Operating 
conditions



Time Constant of a Micro Hot Wire (III)
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The Constant Temperature Anemometer  (CTA)

(1)The basic elements of a constant temperature anemometer circuit are a differential dc 
amplifier, the sensing element and a reference voltage.

(2) The sensor is placed in one leg of a Wheatstone bridge. The current through the element 
gives a voltage e1.

(3) A reference voltage is used by the feedback amplifier to determine how much the 
resistance, and hence temperature, of the sensor has change.  This is obtained by e2.

(4) These two voltages forms the inputs to the differential amplifier.  The amplifier’s output 
current is inversely proportional to the resistance change in the sensor.

(5) The current is feedback into the top of the bridge and restores the sensor’s resistance and 
temperature to their original values.



11 // iiRR ∆<<∆

CTA Equations
The constant temperature mode of operation of a hot-
wire means that the temperature or resistance 
fluctuations of the sensing element are negligible 
compared to the current fluctuations.
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(1) bridge:
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Neglect the nonlinear 2nd order terms and 
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The dynamic response of the constant temperature anemometer are determined by three 
basic equations that (1) the bridge, (2) the sensing element, and (3) the amplifier.



312 RRRR =Balanced bridge:

0)(
))()((

)(
)()( 0

132

312
21 =

++
−

=− te
tRRRR

RRtRRtete

(b) Under balanced conditions, an offset voltage is added to the amplifier.  This voltage establishes a 
mean current through the sensor, which makes the bridge seem to have a slightly higher resistance in 
one leg.  Thus one can consider the mean resistance in the sensor to be 

(a) Initially two sides of the bridge have equal voltage, the 
differential input to the amplifier is zero, giving a zero 
output.
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δ is unbalanced parameter which determines the sensor operating temperature and overheat.
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(c) For completeness, a test signal is introduced through a 
resistor Rt.If Rt is large compared to the other resistors in the 
bridge, the voltage into the amplifier is given by gtet(t), where 
et (t) is the test signal generator voltage, and gt is the 
attenuation due to Rt and the bridge.
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(3) the amplifier:
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The dynamic response of the constant temperature anemometer
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Combine (1) and (3) to eliminate ∆i1(t), (2) to eliminate ∆R(t) and (4) becomes
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For the following parameters:

constant timehot wiremicro:sec102 6−×≈M
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gainamplifierA :10 3
0 =

parametergainsystem
RR
RRAK :10

)(
3

2
1

10
0 =

+
= 1

)( 2
1

1 =
+ RR

RR

182/1653
0 sec102.2)10210/(105.02( −−− ×=×•••=ω

The characteristic frequency is:

Mhzf 35
2

0
0 ==

π
ω



Frequency Resolution

First order system:
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M – time constant (thermal lag)

f – forcing function

e.g. constant current hot-wire

Second order system:
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ω0 – resonance frequency

ζ- damping coefficient

S - sensitivity

f – forcing function

e.g. constant temperature hot-wire
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